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ABSTRACT 


The Oxytropts campestris complex in northwestern 
North America is a polyploid series comprised of at least 
seven morphologically and geographically distinct taxa. 
ined ighteoi@the dataeole thevpresent: study, thePanthor 
proposes that five taxa be reelevated to species status 
(OLE Cuetcki7sGreenm.| 9 Ovegractiie mMALeNelss) K.eSchum.7 
OM COLUMNDLaNge ot. wUOnn @O. a7 Ordaloc@ePorsild, 0. varitans 
(Rydb.) K. Schum.) and that two taxa be recombined as 
subspecies: 0. gractlis (A. Nels.) K. Schum. subsp. 
dtspar (A. Nels.) Elisens and 0. jordalit Porsild subsp. 
agqutett. (Welch) &1isens. 

Three different chromosome numbers are present in 
the complex and represent the tetraploid (2n=32), hexa- 
ploid (2n=48), and dodecaploid (2n=96) condition. 
Although three species have uniform chromosome numbers 
(On custekiu,. 2n=48""(0. jordalit, 2nsse; and.0. <columbtana, 
2n=48), two taxa, 0. vartvane and 0. gracilis subsp. 
gractlis, each exhibit two different chromosome numbers. 
No attempt to subdivide 0. vartans was undertaken since, 
with the exception of guard cell size, no differences 
were observed between hexaploid and dodecaploid repre- 
sentatives. At least two distinct entities may be pre- 
sent in 0. gracilis subsp. gractlis. Although morpholo- 


gically, cytologically (2n=32), and ecologically uniform 
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east of the continental divide, subsp. gracilis is 
quite variable in appearance and has a different chrom- 
osome number (2n=48) west of the divide. 

The chemical data indicate that of the thirty-three 
different flavonoid glycosides characterized, the majority 
were restricted in their occurrence. Only eleven gly- 
cosides were present in two or more taxa reinforcing the 
morphological, cytological, and geographical distinctive- 


ness of the taxa examined in the present study. 
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CHARTERS): 
INTRODUCTION 


The genus Oxytropts DC. is one of about 600 genera 
that comprise the Leguminosae, the third largest Angio- 
sperm family. fecond only to the grasses in economic 
importance, legumes provide many articles of food, fod- 
der, dyes, gums, resins, oils, and ornament. The family 
is cosmopolitan in its distribution and is usually divi- 
ded into three subfamilies: the Mimosoideae, the Caesal- 
pinoideae, and the Lotoideae (Bentham, 1865; Taubert, 
1894). These three taxa can be distinguished as follows: 
Mimosoideae: flowers actinomorphic, calyx and corolla 

valvate in the bud. 

Caesalpinoideae: flowers weakly or strongly zygomorphic, 
Caesalpinaceous (upper petal innermost), 
aestivation imbricate-ascending. 

Lotoideae: flowers strongly zygomorphic, papilion- 
aceous (upper petal outermost), aestiva- 
tion imbricate-descending, the two anterior 
petalss,often basally sconnate. (the keel). 

These taxa have, however, been accorded various tax- 
onomic treatments; they have been classified by various 
authors as distinct families (Hutchinson, 1926; Taktahjan, 


1959), reduced to two families (Wettstein, 1933), or 
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expanded to four subfamilies (DeCandolle, 1802). As 
Heywood (1971) notes, there is still no general agree- 
ment regarding the treatment of the major divisions. 

The inclusion of Oxytropts in the tribe Galegeae 
(subfamily Lotoideae) has, to the contrary, rarely been 
disputed since Bentham's account of the Leguminosae in 
1865. The second largest tribe in the legumes, the Gale- 
geae is comprised of about fifty-four genera. Its members 
are primarily temperate in distribution and possess pin- 
nately compound leaves with entire leaflets as well as 
ten stamens (usually diadelphous) with equal anthers. 
Oxytropts, with about 300 species worldwide, is one of 
the largest genera in the tribe. Best represented in 
Europe and Asia, there are only 20-30 species of Oxytropis 
currentily*recognized in North” America (Barneby, 1952). 

DeCandolle, working exclusively with Old World mater- 
ial, erected the genus Oxytropis in 1802 to contain a 
parteor=thewoinnean Astragalus. “As finst described, 
Oxytropts was characterized by the beaked keel petals 
ancecie itrorlexmon of they pod seventral suture, as 
opposed to the muticous keel and bilocular pod (from the 
dorsal suture) of Astragalus. Since DeCandolle's treatise, 
certain authors have continued to combine the two genera 
(for example, Tidestrom, 1937; Shinners, 1958). Systema- 
tists ain favor of reducing Oxytropis to subgeneric rank 


points to the lack of a distinctive habitvand of “any abso- 
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lute criteria by which the two genera can be set apart. 
Indeed, the description of two perfect astragali, Astrag- 
alus nothoxys Gray and Astragalus acutrostis Wats., with 
distinctly cuspidate keels resulted in several authors 
(for example, Rouy, 1897) removing the species of Oxytropis 
into a subgenus of Astragalus.. However, Bunge (1869), the 
monographer of Old World Astragalus and of Oxytropts, 
Taubert: (in) Engler's Pflanzenfamilien, 1894), as well as 
Bentham and Hooker, and most contemporary botanists; have 
supported DeCandolle's treatment (see Wheeler, 1939). 
Barneby (1952), in his revision of the genus in North 
America, stated that until it could be shown that the gap 
between the two genera is no greater than that existing 
between sections within Astragalus, or that there are 
species of Oxytropits referable with equal justice to 
elthereqenus;morethatt0xycropis tisvpolyphyletic, the sub=- 
mergence of Oxytropts in the older genus would do nothing 
touciariiy xrelatronships. 

Chromosome data support the claim that Oxytropis pre- 
Sentsaa Unissredhiphyletcicegroupsrelated top butudrstinct 
from, the Astragalus assemblage. The basic chromosome 
number in Oxytropts is consistently X=8, whereas Astragalus 
has basic numbers of 8 (Old World species) and ll, 12, 


or 13 in the New World (Ledingham and Fahselt, 1967). 
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OXSTRO Pins pe.+ 


Onyutnepes De.-gAstragalte24: 777418020) nomancone. 
AragattusnNeck. Elem? )3:12,)1790. 
Sptesta Neck. Elem. 3:13, 1790. 
Ag¢ragetvegis SprePle 755yel753.epronpance: 


Plants perennial, herbaceous, acaulescent 
to short caulescent; leaves alternate or basal, 
odd-pinnate, leaflets entire, without stipels; 
stipules mostly connate, adnate to the petiole 
or free; flowers violet, purple, white or yel-- 
low, in axillary racemes or spikes or arising 
from the caudex; bracts often small, membran- 
ous; bracteoles minute or absent; calyx-tube 
cylindric to campanulate, five subequal teeth; 
petals often with rather long claws; banner 
erect, ovate or oblong; keel equal to the wings 
or shorter, keel-tip produced into a beak, mac- 
ulate or immaculate; wings oblong; stamens dia- 
delphous, anthers uniform, ovary sessile or 
Stipitates stylesafiidiaformsstraaghtsor curved; 
pod sessile to stipitate, straight, erect or 
reflexed, two-loculed through intrusion of 
ventral suture to one-loculed; several seeded; 
seeds reniform, funicle filiform. 


The first synopsis of the North American species of 
Oxytropts was by W.J. Hooker (1834) in his Flora Boreali- 
Americana. Although several species were first described 
in this important work (for example, 0. splendens), the 
paucity of the material available limited Hooker's 
aAccOuUntaOh ther genus! asmitadidr thatLoceTorreyeandsGray 
anethelriedorawoteNoctheAmericsa, (1688). A similar prob- 
lem faced Bunge (1869) in his monograph of Oxytropts. Asa 


Gray (based on his extensive collections and examination 
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1 synonymy based on Welsh (1967) 
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of the material at Kew) published the first North Amer- 
ican revision (1884). He recognized sixteen species. 

The onset of the twentieth century witnessed further 
activity not vonly sin the field, but in the prolifera— 
tion of species proposed by various workers. Many of 
these species were hastily proposed, often based on one 
or two specimens, and, in Barneby's (1952) words, often 
contributed "... more to the literature and synonymy than 
to a true understanding of the genus.” 

In addition to the proliferation of newly described 
species, the resurrection of Aragallus Neck. and Sptesta 
Neck. by several authors, as well as the shifting 
back and forth between Astragalus and Oxytropts, resulted 
in chaos on the shelves of many herbaria. It was that 
disorder which prompted Barneby (1952) to attempt the 
first revision of the North American species of Oxytropis 
since Gray (1884). Barneby recognized twenty-two species; 
his account contributed greatly towards a definition of 
the major forms and a stabilization of the nomenclature. 
More recently, workers in the genus have generally sup- 
ported Barneby's species concepts and have simply 
addended his original characterizations (for example, 
Boivin, L967 Welsh, .l960 51963, 1967 )5 

Biosystematic studies within Oxytropis have been 
confined primarily to reports of chromosome numbers. As 


mentioned previously, the works of Ledingham and Fahselt 
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(1967) and Senn (1937) have consistently indicated that 
the basic number in the genus is X=8. These and other 
studies (for example, Ledingham, 1960; Holmen, 1962; 
Zhukova, 1966) indicate that Oxytropts is comprised of a 
number of polyploid species. In North America, chromo- 
some counts range from 2n=16 in 0. deflexa and 0. podo- 
earpa through 2n=32 (0. visetda) and 2n=48 0. (sertcea) 
to a high of 2n=96 in 0. maydelltana (Ledingham, 1960; 
Holmen, 1962). Aneuploidy does not appear to occur in 
the genus. 

Although few chemosystematic studies have been car- 
ried out in Oxytropts, a wide variety of flavonoids have 
been identified in the Leguminosae from the numerous 
surveys conducted at the tribal and generic levels (Har- 
borne, 1967; Peckett, 1959). Representative compounds 
from practically every one of the numerous flavonoid 
classes occur in the legumes as well as several com- 
DOUNGS=wi tie Uunuscual = structures {TOrck, 19/6)" #The Lequ= 
mMinosae are particularly rich in methylated flavonols and 
flavones, additional hydroxylation in the flavonoid 
nucleus, and absence of hydroxylation at position 5 (Har- 
borne; 1971) 2)" For example, 6= and 8— hydroxylated Irla- 
vonols, methyl ethers related to the common flavonols 
(for example, isorhamnetin), and flavonols with a 2' 
hydroxylation are known in the family. 


In addition to the several flavonoid structures 
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characteristic of the Leguminosae, each subfamily tends 
to have certain characteristic flavonoids or related 
phenolics (Harborne, 1967). While the Mimosoideae are 
rich in catechins, leucoanthocyanidins, and other tan- 
nins; the Caesalpinoideae have ellagitannins and the 
rare heartwood pigments nbenetoxyuen and brazilin. Iso- 
flavones and rotenoids characterize the Lotoideae; this 
subfamily is also particularly rich in anthocyanins and 
flavonol glycosides. 

The few flavonoid surveys of Oxytropts reported in 
the literature have been carried out by Soviet workers 
(Pakanaev et al, 1969; Dungerdorzh and Petrenko, 1973; 
Blinova, 1974). Only Dungerdorzh and Petrenko's work 
has resulted Mie ieeldenti fication oleae Llavonoldegqiyeo— 
side (rutin); most studies have been concerned with deter- 
Mination of the aglycone moieties in several Eurasiatic 
species. It is significant that the common flavonols 
quercetin and kaempferol are present in the majority of 
the species surveyed while rhamnetin and myricetin are 
more "limited tin their occurrence (Pakanaev “etal, 1969; 
Blinova, 1974). No flavone aglycones are noted by any 
of these workers. 

The present investigation is concerned with Oxy tro- 
pts campestris (L.)DC. sensu lato in northwestern North 
America. Originally described in Linneus' (1753) Species 


Plantarum, 0. campestris has been characterized by its 
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chartaceous pod texture, relatively small size of the 
flowers (<18mm.), and the more than six flowers per 
raceme. As with many Linnean species, further botanical 
exploration and study have revealed that 0. campestris 
sensu Linneus is extremely variable with respect to its 
morphological features. Differences in stature, number 
of leaflets, length and density of the rdceme, as well 
as the number and colour of the flowers have been noted 
by various authors (Porsild, 1951; Barneby, 1952; Welsh, 
296 ye 

In addition to this morphological diversity, the 
circumboreal constellation of forms referred to as 0. 
Campestrisuiuey De. ,OCCULTIn alvariety of geographic 
regions that exhibit much topographical and ecological 
diversity. In northwestern North America, where 0. 
ecampestrts is particularly widespread, its range extends 
from the Dakotas and northern Colorado to Alaska, the 
Yukon, and the western regions of the Northwest Terri- 
tories (Barneby, 1952; Welsh, 1967). Within this region, 
several morphological taxa are common in, and, indeed, 
restroetedsto, praifie;salpaneyeborealytand@arctic habi- 
tats. 0. campestris is, therefore, comprised of a number 


of morphologically distinctive allopatric forms (Maps 1 & 2) ie 


Oxytropts campestris (L.)DC. 


Oxytropts campestris (L.)DC., Astrag., 59, 1802. 
Astragalus campestris L., Sp. Pl.76l. lv 58; 
sensu ampltattssimo. 
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Variable in stature and pubescence, green 
and glabrate to densely silky-pilose, sometimes 
villous-hirsute especially the scape and petiole; 
caespitose and acaulescent from a branching 
caudex; stipules membranous, pale, glabrous to 
pilose dorsally, triangular to lanceolate acumin- 
ate, connate, adnate to the petioles, 1-3 
nerved, the margins naked or ciliate with bristles 
OleClavaremurocesses, sleavesso—2o) Cm. Long ;ailecat— 
lets 7-45, scattered, opposite or sometimes gem- 
inate and verticellate, 9-25 mm. long, 3-8 mm. 
WldG);mSCapes wc .0—50 (CM... JONG a DracCtssnaLnrow Ly 
lanceolate, longer than the pedicels, pilose 
dorsally, rarely glabrate; racemes 5-30 flowered, 
B=24cnee long yecapl tates LOmObDlond, becoming 
lbs (ats ey iensis) ahisl priate Neswiiion Je siabaleve Meftou et 
Wlthydark and ight hairs, the (tube 4.5-7 mm: 
Long, ateethiel! “45mm long, strrangular; corolla 
white, ochroleucous, pale yellow, pinkish or 
purplish sbannenewsi2—-20 mm. long, 4-3 mm. wide; 
wings 10-17 mm. long, blades not much dilated 
upward, 3-4.5 mm. wide at apex; keel 10-15 mn. 
long, appendage small, maculate or immaculate; 
pod 8-16 mm. long, erect, sessile, pilose, with 
debeak avout mnwelong, —partaally two-loculed 
by intrusion of the ventral suture. (Barneby, 
LO52-e Welsh, L967)" 


The taxonomic category assigned to these variants has 


varied considerably in the literature. For the most part, 
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PLATE 1. 


Type specimen of Oxytropts campestris (L.) DC. 
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Form of Savage Catalogue entries: “ 926-51 
DUO coitcrenses has cdnstsazsnesatouray 
Some of the specific epithets and numbers are 
printed in solid type, but solely asa help to the eve 
in tracing named specimens. When these are not ASTRAGALUS 
followed by the writer's name in square brackets 
they are written on the sheets by Linnaeus. 
Apart from everything enclosed in square brack- 5} Astragalus 30 campestris Celaniia. As. 
ets, all inseriptions in roman type are written tragalus, tragacanthae folio, pon ramosus, 
by Linnaeus. The inseriptions by all other writers flonbus hiteis. Amm. rhut, 127. [4 Sm]? 
are printed tn talics. Astragalus acaulos, foliis peracutis, calyce et 
fructu villoso. Hall. flor, $67, 1.13. [+ Sm:}? 


Where the same writer is responsible for the 
inseriptions both before and after his name, two 


colons are used to show this,—e. g. (:m.Sm:] 
Inscriptions at the top of a sheet are followed 

by the sign those on the versos are preceded 
The sign s used for “Label”; and a + sign 


inve means that the ensumy im- 
idition to the one that precedes it 


Habitat 11 Uralensibus montubus, | + Smee} 
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MAP l. 


Distribution Of Uzytrop se capes tr? Sane) Deep anomie 
western North America based on Barneby (1952), Welsh 
(1967), and Hultén (1968) 
HH var. columbiana (St.John) Barneby 
var. custckit (Greenm.) Barneby 


var. dtspar (A.Nels.) Barneby 


var. jordaltt (Porsild) Welsh 
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MAP 2. 


Distribution of Ory crop? sscampeet rice (le) DC.mineioncne 
western North America based on Barneby (1952), Welsh 


(1967), and Hultén (1968) 


WY var. davitstt Welsh 


var. gracilis (A.Nels.) Barneby 


var. varitans (Rydb.) Barneby 
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the plants of the New World have been held varietally 
distinct from Oxytropie campestris (L.)DC. In 1871, 
Watson recorded 0. campestris as ranging from the arctic 
to Colorado while Bunge (1869) accepted the species as 
west European, east Asian, and western North American, 
noting, however, that the latter differed somewhat in 
stature and habit. Gray's revision (1884) excluded typi- 
cal 0. campestris from the American flora for the first 
time. The material which had been so named previously 

was divided into a western arctic 0. leucantha and a new 
species, 0. monttcola, largely cordilleran and ochroleu- 
cous flowered. During the present century, the most 
western and Rocky Mountain forms have been variously seg- 
regated by different workers. Thus, in northwestern North 
America, where Watson could distinguish only 0. campestris 
sensu Linneus, and Asa Gray only 0. monttcola; Nelson 
(1899), st. John, (1928), and others collectively delineated 
fourteen species. This fact, coupled with the shifting 
back and forth between the genera Astragalus and Oxytropts, 
Aragallus and Spiesia, created an abundance of disordered 
synonyms and overall taxonomic confusion. 

Barneby (1952) favored a return to the concept of an 
American 0. campestris. He argued that while 0. campestris 
in its original and narrowest sense is. absent from the 
New World, the European and American plants can reasonably 


be ranked as geographic populations within a polymorphic, 


es 


eetnwataay rat 
WEN e + {ORAL ees saan 
ndteae ens fiat wees: #6) 025m 540 
ee sei soqe anti Laaiegeoe (00Rt) 9 
neh loredh altro aera, bits ated sabe Laneqouts 3 

nt 3paeeene begets rotiip! vit Sad ceva a 
=ta¥e Lehulske: (eeS2): om: épiar yea) \vsdeteul case owe: — 
geeks pit Gol level? cesegean ens aor aby tiealan aa a 
gthigelesdG foaan: oh cine be? nuistw teiterne oat vantd) 
wat 2 brs nfdoniusiy .O Sttars “etagw + yoni Eeaketh — 
~ah gad? bee tissa Ee soe .Vieete ft qu) airehem, 9 -relonga = 
_ ae (Sits ys @aleneo aie|s O44 aie  Leswrel?, eaony 


“poe ylarGistay mand Syvsir sett eT am A2OK haps 


a 


det ote. a ibntest Sent AL ABhAy : vdemenr guewed® x8: i ee 
$iatecges .S Cie Mniteahs alt B Liuen, ons ee sted ie 
=) domeT ed - sacderqbter, 39 qian Fert) seh! bam mee oe 
Hates) wy hiucdiae ris 2 sob © bg in jgsel 2) aaa 18. ot 
onc rise of). dsaw (ebhettos i B a ee taae 
on4eqheeh Bae selphontor einer. ts lnelgacdibel tee mad 
SE ToEROELE Do ometytudes tus Teteete oi) ee i) ve. ee ah 
a siokbetinan teasiekes 2 & ee 


(Ser aan ts 8 wegen & Bebe reeks 4 | one 
| v9 


circumboreal species, a view shared by Hultén (1967, 9698). 


Their "fundamental similarities" in structure and texture 
of the pod, in "flower", as well as orientation or amount 
of vestiture, indicated to Barneby the “inevitable accept- 
ance" of an American Oxytropis ecampeatrres(l.) DEC. sin 
northwestern North America, he recognized five races 
(treated in the category of varietas) differentiated on 
the basis of petal colour, leaflet number, habitat, and 
stipule vestiture and ornamentation (see Tables 1 and 2). 
Barneby's revision contributed greatly towards a 
stabilization of the nomenclature for the 0. campestris 
complex and his species delimitations have been widely 
accepted. More recently, a number of authors have contri- 
buted to the taxonomy in this complex. Broadening Barne- 
by's (1952) species concept, Welsh (1963) described two 
new varieties after examination and collection of speci- 
mens from British Columbia, the Yukon, and Alaska. One 
of these taxa, jordalit, had previously been described by 


Porsild (1951) as a new species confined to Alaska and the 


Yukon; it was accorded subspecific status by Hultén (1967). 


Thus, the examination of material using morphological cri- 
teria has resulted in the recognition of seven geographic- 
ally and morphologically distinct subspecific taxa in 


f : 
0. campestris by Barneby (1952) and Welsh (2963). Theis 


ea ciey he (1967),in asrather cursory treatment of the 0. 
campestrts complex, recognized still another variety 
(var. cervinus (Greene) Boivin ) characterized vaguely 
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classification of the complex is presented in Table l. A 
major aim of this research project was to obtain new sys- 
tematic information on several cryptic characters (for 
example, chromosome number, flavonoid glycosides) and 
useptheserdata to test™the conclusions of Barneby (1952) 
and Welsh (1963). 

PRIOGMCOmehisestudy, biosystematicmstud.es! of 0. 
eampestrts have been confined to cytological observations 
by a few workers; their published and unpublished chromo- 
some counts are listed in Table 3. Published data indi- 
cate the presence of at least three chromosome numbers 
in Oo, campestris: “2n=32) (hedingham,, 1957; Knaben, 1968); 
2n=48 (Ledingham, 1960), and 2n=)60 (Johnson and Packer, 
1968). These data also suggest that there is no extant 
diploid race (2n=16); only a tetraploid (32), hexaploid 
(48987 angdean Octoploidarace! om higher (760)) oceur in 


northwestern North America. The 2n=48 reported for var. 


gracitlts (A. Nels.) Barneby (Ledingham, 1960) from Kamloops 


indicates that Barneby's characterization of that taxon 
may be oversimplified. East of the continental divide, 
however, Var. Gorger/is has a consistent mitotic count of 


2n=ee Wuedingnam, L957 )s 


by few leaflets andslowland habitats) in; British Columbia 
and Washiig LoL: This study did not examine the validity 
of Boivin's new combination due to its poor characteriz- 
aCLoueanceaesema pt ton vance tie fact mieten, ue abst sugtelli Wiel ste 
in Barneby's var. graciive. 
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Other major objectives of the present study were to 
determine the distribution of the chromosome races in 
northwest North America and to identify and note the occur- 
rence of the-various flavonoid glycosides. No previous 
investigations of the flavonoids in 0. campestris have 
been carried out although, as mentioned before, a few 
cursory examinations of Eurasiatic Oxytropis species 
were conducted. Flavonoid data have often proved inval- 
uable in the resolution of taxonomic and evolutionary 
problems (for example, Adams and Turner, 1970). Their 
usefulness as "taxonomic markers" to aid the delimitation 
of generic and specific boundaries as well as their 
utility as "genetic markers" to indicate hybridization 
history is well documented in the literature (Peckett, 
0959-SAlston and Turner, 1963> Harborne, 1969))5) in addi— 
tion, Denford (1973) and Packer (unpublished) have noted 
their potential as "historical markers" where refugial 
boundaries or migrational pulses could be indicated by 
PlavonoLdsd1Strr bution. 

In summary, seven morphologically distinctive and 
allopatric subspecific taxa are currently recognized in 
Oxytropis campestrts (L.)DC. in northwestern North America 
by Barneby (1952) and Welsh (1963). There is evidence 
(Ledingham, 1957, 1960; Johnson and Packer, 1968) that 
this taxon represents a mature polyploid complex (Stebbins, 


1971), possibly comprised of several species (Davis and 
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Heywood, 1963). For organizational and historical reasons, 
the data have been gathered and the results presented 
following the taxonomy of Barneby (1952) and Welsh (1963). 
In addition, ’a newly discovered chromosome race (2n=96) 
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MATERIALS AND METHODS 


Collections and Field Studies: 

Field studies were undertaken to obtain plant ma- 
terial for laboratory and herbarium studies and to make 
ecological and breeding system observations, for example, 
substrate preference and possible hybridization. Collec- 
tLONSTOfVOaytropis vcampestres (L.)DC were made through- 
out as much of its known range as possible (Barneby, 
1952; Welsh; 1967) in northwestern North America: Mater- 
ial was obtained from twenty-six localities and included 
representative specimens of all seven taxa. Pressed 
herbarium specimens, air-dried and bagged material (for 
use in chemical studies), and live plants (for cyto- 
logical, breeding system, and growth chamber studies) 
were collected for study. 

Cultivation: 

Live plants, transplanted into five-inch pots and 
grown in the University of Alberta greenhouses, were 
maintained under a diurnal temperature range of 10°-16°C 
withea relative humidity of 60% and a 1¢ehourngphote- 
period using natural lighting in the summer wilthesupple-— 
mented light when required. Chlorotic plants were fer- 
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Further transplanting was often carried out due to root 
overcrowding and poor water retention of the native 
soils. Aphid and fungal infestations were treated using 
standard fungicides and insecticides. 

Herbarium Studies: 

Morphological and distributional studies were car- 
ried out on living and herbarium specimens from the fol- 
LowinGenerbariat:waUniversitysot Alberta, Edmonton MALTA) > 
Brigham Young University, Provo (BRY); the Gray Herbar- 
ium of Harvard University, Cambridge (GH); National 
Museum of Canada, Ottawa (CAN); University of Montana, 
Missoula (MONTU); University of Washington, Seattle 
(WIU); University.of Calgary (UAC); .Rocky Mountain 
Herpbaciune Laramie ell) United States National Museum, 
Washington, D.C. (US); and the University of Saskat- 
chewan, Regina (USAS). The abbreviations used are those 
listed in Index Herbariorum (Holmgren and Keuken, 1974). 
Guard Cell Measurements: 

Various workers have found a correlation between 
Ce llecivzenand ploddye level (Saxeandscax, elo s otebbans, 
LOJle wibeadiect LoriecOuCdistanGulshe thes Chromosomesrtaces 
Ole eu tropic wecampesirisebyycell. size, measurements of epi- 
dermal guard cells were made. Leaves were soaked in 
boiling water for five minutes, the lower epidermis was 
then peeled off and placed on a microscope slide in a 


drop of water. Measurements were made using a micro~- 
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meter eyepiece on an American Optical microscope (240X). 
Cytological Studies: 

Mitotic chromosome counts were made from actively 
growing root tips using the procedures of Tijo and 
Levan (1950) with slight modifications. Root tips were 
immersed in a 0.002 molar solution of 8-hydroxyquinoline 
COUL1 6eomaumine4 00mm SaeOkawater)jmerfoOre2—smhounsmatalss— 
16°C; washed in distilled water for five minutes; then 
transferred to a watch glass and. stained for thirty min- 
utesmingamsolublonsom acetic (orceineand #1N BHCI1LE(94 1). 
The solution was warmed over a bunsen burner 8-10 times 
during a thirty minute period. The tips were next placed 
on a slide in a drop of 45% acetic acid and a coverslip 
applied; then washed and made semi-permanent by ring- 
indsthe (coverslipswithea imixture.of gumemastic and par- 
affin wax (1:1). Chromosome counts were made under the 

0il immersion objective (1000X) of an American Optical 
microscope with a green filter. Several of the prepara- 
tions were drawn using a camera lucida apparatus; these 
drawings were used in examination of chromosome morph- 
ology. Voucher specimens were deposited in the herbar- 
ium at the University of Alberta (ALTA) . 

Chemi calastudies: 

Tdentification) of the flavonoid giycosides#ofsfive 
populations of Oxytropis campestris was carried out. In 


addition to the identification of the glycosides in these 
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five populations, chromatographic profiles of twenty-four 
populations were compared. 

Above ground plant organs used in flavonoid extrac- 
CiOteweLescollectedeine the ticld and dried in paper pags. 
Prior to chemical analysis, the collections were sorted 
to remove any contaminants. Stems, flowers, and leaves 
were uniformly used for extraction in every population 
sampled. Flavonoids were extracted using a blender; ap- 
proximately 20 gm. (dry weight) of plant material were 
ground for 15 minutes in 500-700 mls. of 80% ethanol. 

The extract was then vacuum filtered through several 
layers of cheesecloth followed by Whatman #1 filter paper, 
then reduced in a rotoevaporator or flash evaporator 
Une hevacuuUm Lom LU=2UrULo ww = ChlOLOphy.., =O Eneie piOLO— 
synthetic pigments, and lipids were removed by parti- 
tioning with multiple aliquots of petroleum ether (B.P. 
60°-64°C). This extract will hereafter be referred to 

as the stock solution. 

To identify the flavonoid aglycones, 10 mls. of the 
stock solution was combined with an equal amount of 2N 
HeGtwand = retluxcd atl lO-@ Lor three Nours.= ine ag lyCcones 
were then partitioned against arich, evaporated to dry- 
Ness, ana redissolved in a Minimum volume OL Spectro 
grade methanol. Subsequently, they were spotted in 
Varying econcentrations ol halt sheets, (2374757 CMS.9 Dt 


Whatman 1MM chromatography paper. Descending chromatogra- 
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phy was then carried out using three solvent systems: 

BAW (n-butanol-acetic acid-water, 4:1:5 upper phase), 
forestal (acetic acid-water-concentrated HCl, 30:10:3), 
and saturated phenol (phenol-water, 4:1). Identifica- 
tions were made by comparison of Rp's with those reported 
by Harborne (1967, 1973) and Ribereau-Gayon (1972). UV 
spectral analysis was also carried out on certain puri- 
fied aglycones; procedures as well as analysis of the data 
were based on Mabry et al (1969). 

Seikel et al (1966) have Segre ue that C-glycofla- 
vonoids remain in the aqueous sugar layer after acid 
hydrolysis and ether extraction of the aglycones. To 
check for possible C-glycoflavonoids in the stock solu- 
tion, the aqueous sugar layer was further extracted 
against samy -alconole (Harborne, 19/3)" sathesanylealcoho! 
layer was then evaporated to dryness, redissolved in mini- 
mum methanol, and spotted on half sheets of Whatman 1MM 
paper. Descending chromatography of these sheets was then 
Carried» out in BAW, 15% acetic acid, and water. 

Separation of the flavonoids of the stock solution 
was carried out on Whatman 3MM chromatography paper. To 
determine the optimum concentration for separation, vary- 
ing volumes of the stock solution were spotted on 3MM 
paper and chromatographed descendingly. in BAW for 16-19 
hours. The sheets were then air-dried, rotated 90°, 


then run in 15% acetic acid for 6-8 hours. The chromato- 
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grams were viewed under UV light (3660A) to determine 
efficiency of separation. The concentration which 
yielded the best separation was then used in the further 
isolation procedures. 

Five to nine drops of the stock solution were spotted 
on at least forty-eight sheets of Whatman 3MM paper and 
chromatographed in BAW and 15% acetic acid according to 
the procedures outlined above. The chromatograms were 
then viewed under UV light in the presence and absence 
of fuming NH3- Spots resolved under either of these 
conditions were circled and their colors noted. To test 
for the presence of flavonoids, one sheet was sprayed 
with Benedict's reagent (positive yellow reaction). An- 
other sheet, used for the detection of phenolics, was 
treated with a 3% aqueous solution of ferric chloride- 
ferricyanide (positive blue Masa sie oe Spots which 
yielded positive reactions to both treatments were cut 
out from the remaining sheets and eluted in 90% meth- 
anol. These solutions were evaporated to dryness and re- 
dissolved in minimum methanol. 

To check flavonoid "purity, the solutions were spot- 
ted on full sheets of Whatman 1MM paper and run, in the 
usual manner, in BAW and 15% acetic acid. Those solu- 


tions which were found to consist of more than one gly- 


SChromatograms were dipped in a solution containing equal 
amounts of ferric chloride and ferricyanide stains diluted 
i POewithe wacer, then dioped in a 102 solutiongor HCl 

and washed with water. 
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coside (as indicated by the presence of two or more spots) 
were then streaked on Whatman 3MM paper in the solvent 
system which yielded the best separation. 

The isolated flavonoids were identified using the 
procedures,of Mabry et ai (1969). The compounds were 
spotted on half sheets of Whatman 1MM paper until a yel- 
low colour was visible. Descending chromatography was 
thenycarriedsoutein four<solvent ssystems: BAW, 15% acetic 
acid, water, and saturated phenol. Rp's in each,.of -the 
four solvent systems were calculated for each of the un- 
knowns and compared with those reported by Harborne (1967) 
and Ribereau-Gayon (1972). Approximately 10 yl of a 
‘ome M solution of rutin (quercetin 3-O-rhamnosylgluco- 
side) in methanolic solution was spotted on each sheet to 
serve as a reference; R. 8 of the isolated compounds 
were corrected with respect to rutin. 

UV spectral analysis using a Unicam SP 1800 spectro- 
photometer was carried out on each unknown using the pro- 
ceduressofeMabiyveectecd 9(1969)-e)Thesej procedures-iancius 
ded the comparison of methanol scans with those obtained 
after the addition of several diagnostic reagents to the 
methanolic solution. Scans were recorded for the effects 
of sodium methoxide, aluminum trichloride, aluminum tri- 
chloride plus hydrochloric acid, sodium acetate, and so- 


dium acetate plus boric acid on the UV absorption of the 


compound in methanol. 
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The flavonoid glycosides were then hydrolyzed to 
their aglycone and sugar constituents by refluxing the 
methanolic solutions with an equal amount of 2N HCl at 
100°C for twenty minutes to two hours depending on the 
suspected nature of the glycoside linkage (Ribéreau- 
Gayon)ee97/ 2) omALternmydrolysis,. thessolution! wasscooled 
and partitioned against 25 mls. of ethyl ether. The 
ether fraction, which contained the aglycone, was then 
evaporated to dryness, redissolved in minimum methanol, 
and chromatographed descendingly on Whatman 1MM paper in 
BAW, forestal, and saturated phenol. The aglycones were 
also chromatographed in 15% acetic acid to ensure that 
the sugar had been liberated during hydrolysis. 

The lower aqueous layer contained the sugar compo- 
nent of the flavonoid glycosides. Identification of the 
flavonoid sugars was carried out using the procedures 
of Ribéreau-Gayon (1972). Neutralization of this acidic 
solution (although demonstrated experimentally to be un- 
necessary for purposes of identification) was carried out 
on approximately half of the isolated flavonoid sugars 
by using a 10% solution of di-n-octylmethylamine v/v in 
chloroform. Twenty-five mls. of this solution was par- 
titioned against the acidic aqueous sugar fraction; the 
lower phase, containing the neutralized sugar solution, 
was then evaporated to dryness. The sugars were then 


redissolved in a minimum amount of 80% methanol and spot- 
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ted (two spots side by side) on half sheets of Whatman 
IMM paper with the lower edge serrated. Fiveul of a 
0.5% solution of D-glucose in 10% isopropanol was added 
LOmOn CT OneLNeSCuSpOtS 5 ain addition, asthararsoluLion, 
consisting of a mixture of five common sugars (glucose, 
rhamnose, xylose, galactose, arabinose) in 10% isopro- 
panol, was applied next to the previously mentioned 
spots. Descending chromatography was then carried out in 
80% isopropanol for 36 hours. Next, the sheets were air- 
dried, dipped in aniline hydrogenphthalate reagent, and 
heated in an oven at 55°C for twenty minutes in order to 
detect the sugars present. ee were calculated for 

each sugar and colour reactions compared with those 
reported by Zweig and Sherma (1972). 

After the identification of the compounds of the 
five selected populations was completed, a chromato- 
graphic analysis of the spot patterns of twenty-four 
other populations was conducted. About 10 gms. dry 
weight of above ground flowering material was ground up 
with about 250 mls. of 80% ethanol. Concentration of the 
extract and determination of the optimum concentration 
for separation of the flavonoids were undertaken in the 
manner previously described. After the detection for 
phenolics and, more specifically, for flavonoids was 
Garnied out, Lhe spot patterns and ‘colour properties were 


noted. This information was then compared to the master 
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chromatogram in order to determine the distribution of 


the identified flavonoid glycosides. 
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CUARTE Rms. 


RESULTS 


Morphological and Phytogeographical Studies: 


Examination of specimens revealed seven morphologi- 
cally and geographically distinct taxa which, to a large 
extent, correspond to the seven varieties recognized by 
Barneby (1952) and Welsh (1963). The seven taxa were 
fFoundeto disteremostasiqnificantly invhabitat,. leatier 
number, stipule vestiture, number of flowers per raceme, 
pod texture, as well as corolla colour and length of the 
keel. The morphological differences are summarized in 
Table 4; they represent both vegetative and reproductive 
phases of the life cycle. Propagation in controlled 
environment facilities has indicated that these charac- 
ters are not affected by varying environmental factors 
and therefore reflect genotypic differentiation. 
Cyitologicaleisendies: 

Cytological investigation confirmed the observation 
of Ledingham (1960) who noted that more than one chromo- 
some number was present in Oxytropts campestris (L.)DC. 
sensu lato. Indeed, the data from the present study 
(Table 5) indicate that at least three chromosome numbers 
(32, 48, 96) are present in the species as defined by 


Barneby (1952), Welsh (1963), and Boivin (1967). These 
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numbers represent the tetraploid (32), hexaploid (48), 

and dodecaploid (96) condition and indicate that Oxytropts 
campestris (L.)DC. consists of a eupolyploid series in 
northwestern North America. The collections from which 
these chromosome counts were obtained are listed in 
Tabilevo; 

The morphological taxa are generally correlated with 
chromosome number. Two taxa, however, are known to have 
more than one number; the taxon gractlts has both 2n=32 
and 2n=48 while the taxon varians has 2n=48 and 2n=96. 

Map 3 shows the distribution of the chromosome numbers 
in the taxon varitans. These data represent published 
chromosome counts. (Table 3), the author's chromosome 
counts (Table“5),”as well as*chromosme numbers inferred 
by guard cell measurements (Table 8). 

Analysis of the karyotype was conducted after treat- 
ment with 8-hydroxyquinoline for only the taxon custckit 
(2n=48) and the taxon gracilis (2n=32). Observations of 
chromosome morphology (Figure 1) indicate that the medium- 
sized chromosomes are of fairly uniform length with median 
or sub-median centromeres. This condition, as noted by 
Stebbins (1971), is characteristic of a symmetrical karyo- 
type commonly associated with unspecialized members of a 
family or genus. This contrasts with the asymmetrical 
karyotype where arm ratios and the relative lengths of 


the different chromosomes are heterogeneous. Asymmetrical 
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TABLE 6. 


Collections of which Chromosome Counts are Based 
ee ee ne Se oe a nes ee ee 


Alaska: WJE #249, Tok Junction, June 24, 1976; WJE #268, 
Moose Pass, June 26, 1976; WJE #281, S. of McKinley Park, 
June 28, 1976; WJE #299, mile 307, TAPS Hwy., July 3, 1976; 


ae 


WIE #306, mile 322, TAPS Hwy., July 4, 1976. 


Alberta: WJE #00la, 004a, Prospect Creek Rd., Cadomin, 
August, 26, 1976;" “WJE W025, 2175) Whitehorse Creek, Cado— 
min, June 24, 1976; WJE #043a, Hwy. “#1, W. of Calgary, 
August V3, 976; WJE #053, 060, Kananaskis Rd., July 15, 
LON fap lL Oe oianal Mt, soaspern Park, August 24 ,) 19/5; 
WJE #222, Prospect Creek Rd., Cadomin, June 16, 1976; 


WJE #452, Carthew Mt., Waterton Park, July 12, 1977. 


British Columbia: WJE #342, 343, mile 403, ALCAN Hwy., 


dulye9+ 1976. 


Montana: WJE #099a, 100a, Goat Flats, Anaconda Wilder- 
ness; August Jl, 19765" WIE #387,389, Mud, Creek, Glacier 
PAG eAUGUStILs, 1976; | WIE $4427 Glacier Co., July) 9, 


LIT 


North Dakota: WJE tijd, LoL, Glen Ullin,; Morton Co. ,.May 


2 Oreo yD 


Northwest Territories: WJE #471, 472, Dolomite Lake, 
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Saskatchewan: WJE #190, Broadview, May 27, 1976. 


SOUCHEUaxKO ra: Ni berl O24; wlOo 01/0, Hwy. Lo,mcuster cos, 


Black Hillis, May 125) 9197.62 


Washington: WJE #354, 356, Hurricane Ridge, Olympic Park, 


Auguste. 6, 1976. 


Wyoming: WJE #154, Albany Co., May 24, 1976. 


Yukon Territories: WJE #237, Kluane Lake, June 24, 1976; 


Wits +321) mile 82, Dempster Hwy., July 6, 1976. 
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FIGURE 1. 


Somatic Chromosomes of certain taxa in the Oxytropis 


eampestrts (L.)DC. complex in northwestern North America 


Oxytropts campestrts (L.)DC var. gracilis (A.Nels.) Barneby 
WIE #043 near Morley, Alberta 
2n=32 


Oxzytropts ecampestrts (L.)DC var. custektt (Greenm.) Barneby 
WJE #452 Carthew Mt., Waterton Park, Alberta 
2n=48 
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karyotypes are characteristic of the more advanced or 
specialized members of a supraspecific taxon. 

Attempts to observe meiotic pairing following fixa- 
tion of flower buds in acetic alcohol proved unsuccessful. 
Guard Cell Measurements: 

Guard cell measurements indicated: 1) a positive cor- 
relation between guard cell size and ploidy level in the 
two taxa (gractlis and vartans) with two chromosome num- 
bers; 2) no significant difference between the mean guard 
cell length of the different taxa sharing the same chromo- 
some number; and 3) that guard cell length in all taxa 
was positively correlated with ploidy level. 

Within the taxon gracitlts, the mean guard cell length 
for the tetraploid was 11.71 microns (N=485) while the 
mean for the hexaploid was 14.24 microns (N=75). A stu- 
dent's t-test showed a significant difference (Sdx=0.04, 
t—42.1) Detween the two means at the 0.1¢ level? “Similar 
statistical procedures demonstrated that the mean (13.18 
ircrons) of the hexaploid of the taxon varvane differed 
significantly (Sdx=0.039, t=50) from the mean guard cell 
length (16.06 microns) of the dodecaploid. 

The five taxa with uniform chromosome numbers did 
not differ significantly when their mean guard cell lengths 
were compared to the means of other taxa sharing the 
same ploidy level. Thus the taxa jordalit, davisi1, and 


dispar all share the same chromosome number (2n=32) 
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while their respective mean cell lengths are 11.48 microns 
(N=176), 11.91 microns (N=100), and 11.81 microns (N=75). 
Both 2n=48, the taxa columbtana and cusickit have means 
Ofels.2i,microns: (N=77). and 13.62 Microns (N=350) respect- 
ively. 

Collective analysis of the guard cell length data indi- 
cated that cell length was significantly correlated with 
chromosome number. Table 7 lists the statistical results 
while Figure 2 illustrates the size frequency data graph- 


ically. Over two thousand measurements were taken. 


TABLE 7. 


Statistical comparison of guard cell length between 
ploidy levels in the Oxytropts campestris (L.) DC. 


complex in northwestern North America 


Comparison Standard Deviation t value 
between means (Sax) 


2n=32 : 2n=48 0.024 41.6 
2n=48 : 2n=96 02033 Dom to 
2n=32 : 2n=96 0.034 83.0 


The significant differences between mean cell lengths 
made possible the determination of ploidy levels from 


herbarium specimens (Table 8). Only those specimens 


 pateneerdar bs bE ~s 
ied enn 
sasoum _— VEG DaKe oh 


~aeaqess (00 'sh) ver weet 
ra 
«4504 adveb dt9ne 7 


tn towered ‘ip tests eonroet too _ 
gonnnvsaigte eee dba ifew cand 


diiw Laveissiru 


eetveane Jeaiseiceis wt? & oat c Sauer - . 2eiese 


-fyaty aiet, yotreapes? _ nae ot susemsactey ¢ sxueet, ithe 


9 S640 SO? hemcaaist S a: tsvo ibe ca _ 


i] J . . 


fortes VNR oc 


5, x ¢ ia 
dhewSpd Cieqisl tees aidis 1 wee! ‘deg. tnghaets 
_ 

2a (8) aca eaeres aycettene ate, 4) aievel ybtota’ an 


coivaed “trot maadsewidwee wb dekeuo 


oe 
n 


— 


a. bokee. 2... "paid putewt dvtebcase 
a ie ee 


ra 7 ee - 
Eis ean tied 
“en sy 


45. 


NWO GZT# butel ‘w°H eySeTY ‘ASATY euTAITYD 87 
NVYOSCVE-(Gr SELitO “he M 8) UOTAUeD “ae exseTy ‘Aeaty ober SP 
WLIW 696L# efptzeqgnS *T°u % Apop -r'm ‘L°M*N ¢° py [Oura etaezs7 ful 8h 
WLIW OC9V# FOCTEL *S’*S "L°M*N ‘*AMH STzZzuUSeyoOeW ‘Tg eTTw 80 
WLIW LZv6# 2900S “Cw 8 dney "we “L°M°'N ‘exe TTSsuquTag Sy 

HO Loet# SWETTTTM “*W eBYASeTW ‘neoeune Ze 

HY 60rG6# atedos -p*°w 3 dney “Ww °H “L°M'N 4*S3W atzuexoey Ze 

HO L7v6# tedos ‘o°yw ¥% dney “W'H exseTy ‘uewestm ze 

NWO Q9PE8# SPaAeMpg-ouudAM *O°A bo MIN “S71 ol Ol bls Aspe tours cE 
NWO CLISTT# 5unjterag *e°w ¥ PTtTs420d “aw “L°M’N ‘*SQW eTzuexyoey ZE 

NWO 987T# PITTS4Od "*L°e “LA “AM? tea sdvon “7 Gy oT ne aS 

AY 290Gt) AG5Tu cies USToM <1°s “io MN 2S4aWN tOospaedo rs “ae 
NWO 6g SETS LT “pad soutey Og ‘pTetysuew “AW ce 

un Treq19H (S) TOZROST TOD ART T2007 ae 


TT9D paendy Aq peutwrzsjzeq useq sey AequMN swosowoOAYD yoTYM wWoAzzZ suseuTOeds wntareqaey 


“8 HIaVoL 


— 
— 


7 


ig a {Site 204 
a 


(npxotnal io? 


rae 


cleat 


e=4 7. F 


a 


| he AG ed ee 


aantt bitesot . 


a i 2 ee pias 1038 L.A 2 BLiesze7 Bh 
. Beles gicxevtS~sary ode v 


Tee xroqae .o.A 3 Gest <May 


) - abet .% 8 
~KECEY AnGes AS Qe “8 
r@y ls el Pers. id 


Scped genct .%.4.8 Ges u 


obs fotisa? .c.¢ 


anne | of 
Wesa CfeT* cobitesrry + 


1 rs * na? - | 2g 
qe, » = _ e od —< e > 
« 5s” TH} & eae - wy 4 Fr 3 <i 
i 


_ 
= . a _ 7 : a - : yy 
bseud ve Bectwiesed pbed anf admit srogonets’ 
ere 


—_— 


6 «at 2 ybo? «Us¥ 
. Re 


7 


7 


“t= weaiet sade a 9. 


Ta. “i et ambencises. 7 
7 YP 


ca | P tae Lend sit 


46. 


GSS# POCOM °W 8% °a°y 
C8SGC#H A9ADed "OL 


SLScTT# uosdwouL “M's 


HD 96€L# UTAACW °S “LCL ¥F YOOOYDRTH °*T"D 


HO 


HO 


NWO 


NWO 


NWO 


NWO 990T-LS# 


COLL# UYOL "3S “*H 
OcS# Sz06o0Yy *L°H 
LOL79# UsITNH *a 

O8vS# PTTS20d “ay 
VSOT# UeWeoS’| 
TLET#H tEx0ed "D°L 
é# AOTMEH "A 

TZp# POOM “W 8 ‘a'y 
BLBETH SUTHHTM °T'T 
TEe# TEYUSTSEM *W°D 
€68S# Uebboos *p°H 


C1 St BURZI ada (oy ct 


STTT 6) CMa’ U01 Jue oe aT 


eyseTy ‘uosdwouy, sede 
BYSETY “WMoeorID ynwzo20CbH 
“USem ‘MOM *3W 

"“O°q “eucaes 

"yusem 4°09 uebeueyo 
"yuSeM 4°OD SUSASRS 
BYSeLyY "°y euoueN sy uaacs 
eqoqtuew *TTTyoznyD 
eyseTy ‘syueqiatey 

"i MON,“ °SaWw UOSpIeye Ly 
"“L°M°N ‘oyeT ebatrzemg 
eBxYSeTyW ‘7etuyn 

eyseTy ‘3eTwn 

eqojztuem ‘TT tyoanyo 


“L°M*N *ASeATY soAry 


exyseTW ‘edo[ts °N ‘azepeazyos eye 


eYSeTW ‘AeatTyY ober 


W 
oY 


nt 


(°3U09) *g ATawi 


Kid 2.0 & doldae? 5.0 * 
at _ Sa | - 
. grz¢ cmsteg? .A.d 
CPt) aaggoo? .t-e a 
7 7 
io weinist -4-9 ; 


yretz) apa sas! = % 


gs > =* ¥ ot & -ueM 
<P esivend Vv : (ree 
. 


I a8 _ atos sPely at ° 


pears aeeier? 2 


OobEe Seidte= 1F-A 


fotta’ nesdck 1. C2 aseeta ols 


a 


yer e £2-2Q04N wy: | #6 


a a 
4 - 
2 ’? 
S824 sHises 0.0 esects Jseed™ . 
7 ee ¥ : = Le a 
2#2% Po -#  @a .0.a quea! =) pene 


47. 


HD 96c# UeWeDS “gy 

HD GLTOT# UeWeOS “|g 

HO LySv# UeweoS “a 

HD COTS# UeWedS °g_ 

HD TCOVH UeUIeDS °| 
€8C0-8S# 

NWO WLOOTePW “W°M 8% UOTRZURD "ger 


exseTy ‘obpoy sptdey 
eysetw ‘’AzanD 

eyseTy ‘/‘euextny) 

exseTw ‘xazeq ASTUTYOW °3W 


exysetTw ‘*‘AmMH uospxzeyotTy 


eyseTy ‘axel yerttdyo 


ee 


(2 au08) 


"8 GIaWoL 


(#230 qa? 
ec tris asset 
ets une 


Frequency (3%) 


as 


. La PERE ee 
5; 7 16 18 ah i 


2n=4x—472 © 
2n=ox=A45 A 


2n=12x=96 GG 


fa 


Guard Cell Length (micrens) 


PIGURE <2. Guard Cell Length Frequencies in the 


Oxytropts campestris 


(L.)DC, Complex in Northwestern 
North America 


48, 


in which the average cell length was within 0.75 microns 
of the predicted mean were used. 
Chemical Studies: 

The chemical aspects of this investigation involved 
detailed analysis of the flavonoid constituents in five 
populations. These five populations were deliberately 
chosen to represent four of the morphological taxa, the 
three ploidy levels, and material from glaciated and 
unglaciated regions of the continent. Figures 3-7 and 
Tables 9-13 show the fifty-eight compounds that were 
extracted, purified, and characterized using various 
chromatographic, hydrolytic, and optical procedures. 

Comparison of these data revealed that at least 
thirty-three different flavonoid glycosides were present 
in the populations sampled (Figures 10-42). A total of 
seventeen flavone glycosides were found (Figure 8, Table 
14) while the remaining sixteen compounds (Figure 9, Table 
15) were flavonol glycosides. Apigenin and luteolin were 
the two flavone aglycones identified; similarly, there 
were only two flavonol aglycones: kaempferol and quercetin. 
Four glycosides had unidentified aglycone components. 

Only three of the five populations examined contained 
glycosides of all four known aglycones. The sample pop- 
ulation of the taxon eustekti lacked apigenin glycosides 
while that of the taxon jordalit lacked kaempferol gly- 


cosides. 
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Flavonol glycosides of the Oxytropts campestris (L.)DC 
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FIGURE 10. 


Chromatographic and spectral data for Apigenin 
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FIGURE ll. 


Chromatographic and spectral data for Apigenin 
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FIGURE 12. 


Chromatographic and spectral data for Apigenin 
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FIGURE 13. 


Chromatographic and spectral data for Apigenin 
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FIGURE 14. 


Chromatographic and spectral data for Apigenin 


7-O-sambubioside 
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FIGURE 15. 


Chromatographic and spectral data for Apigenin 


7-O-rutinoside 
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FIGURE 16. 


Chromatographic and spectral data for Apigenin 
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FIGURE 1/7. 


Chromatographic and spectral data for Apigenin 
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FIGURE 18. 


Chromatographic and spectral data for Luteolin 


7-O-glucoside 
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FIGURE 19. 


Chromatographic and spectral datamcon) Buteo lim 
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FIGURE 20. 


Chromatographic and spectral dataston Luteolin 
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FIGURE 21. 


Chromatographic and spectral data for Luteolin 


7-O-glucosylrutinoside 
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FIGURE 22. 


Chromatographic and spectral data for Luteolin 
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FIGURE 23. 


Chromatographic and spectral data for glycoside #14 
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FIGURE 24. 


Chromatographic and spectral data for glycoside to 
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Chromatographic and spectral data for glycoside #16 
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FIGURE 26. 


Chromatographic and spectral data for glycoside #17 
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FIGURE 27. 


Chromatographic and spectral data for Kaempferol 
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FIGURE 28. 


Chromatographic and spectral data for Kaempferol 


3-O-sambubioside 
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FIGURE 29. 


Chromatographic and spectral data for Kaempferol 


S-O-rutinositae 
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FIGURE 30. 


Chromatographic and spectral data for Quercetin 


3-O-glucoside 
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FIGURE 31. 


Chromatographic and spectral data for Quercetin 


3-O-glucoside 
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FIGURE 32. 


Chromatographic and spectral data for Quercetin 


3-O-glucoside 
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FIGURE 33. 


Chromatographic and spectral data for Quercetin 


3-O-glucose-7-O-glucoside 
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FIGURE 34. 


Chromatographic and spectral data for Quercetin 


3-0-sophoroside-7-0-glucoside 
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FIGURE 35. 


Chromatographic and spectral data for Quercetin 


3-O-sambubioside 
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FIGURE 36. 


Chromatographic and spectral data for Quercetin 


3-O-diglucosylxyloside 
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FIGURE 3/7. 


Chromatographic and spectral data for Quercetin 


3-O-diglucosylxyloside 
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FIGURE 38. 


Chromatographic and SspectLalsdata sor Quercetin 
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FIGURE 39. 


Chromatographic and spectral data for Quercetin 


3-O-glucosylrhamnoside 
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FIGURE 40. 


Chromatographic and spectral data for Quercetin 
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FIGURE 41. 


Chromatographic and spectral data for Quercetin 


3-O-rutinoside 
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FIGURE 42. 


Chromatographic and spectral data for Quercetin 
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Tables 14 and 15 show that much of the diversity of 


the glycosides present is due to the identity, number, and 


attachment of the sugar component (for example, glyco- 
sides 21-23): A total of four different sugars were 
found: glucose, arabinose, rhamnose, and the relatively 
rare xylose. No taxon had all the sugars represented; 
jordaltt, for example, lacked arabinose. 

The majority of the thirty-three glycosides were 
restricted in their occurrence. Twenty-two of the fla- 
vonoids were present in only one population (Table 16). 
The taxon eustektt had nine unique glycosides (69% of 
its flavonoid profile) while jgordaltt had five (50%) 
and gractlits had four unshared flavonoids (36%). The 
two chromosome races (48, 96) of the taxon vartans each 
had two unique glycosides. 

Eleven of the thirty-three total flavonoids were 
present in two or more populations (Figure 43). No one 
glycoside occurred in all the populations analyzed, 
although kaempferol 3-O-glucoside was found in four. 

Comparisons between taxa indicated that the taxa 
gracilis and vartans shared the largest number of com- 
pounds: luteolin 7-O-triglucoside, glycosides #15 and 
#17, apigenin 7-O-rutinoside, and kaempferol 3-O-gluco- 
side. The chromosome races of the taxon vartans shared 
four flavonoid glycosides: quercetin 3-O-rutinoside, gly- 


coside #17, luteolin 7-O-glucoside, and kaempferol 3-0- 
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TABLES LO. 


Flavonoid glycosides present in only one taxon 
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glucoside. 

In addition to the detailed analysis of these pop- 
ulations, twenty-one others, representing all seven 
morphological taxa, had their chromatographic profiles 
compared. However, no attempt was made to establish the 
distribution and occurrence of potential marker compounds 
due to the large number of flavonoids with similar chroma- 
tographic characteristics. The collections used in the 


flavonoid survey are listed in Table 17. 


2235. 


TA BH ae di 


Collections used in flavonoid analysis of the 


Oxytropts campestrts (L.)DCG complex 


Alaska: WJE #250, Tok Junction, June 24, 1976; WJE #271, 
Moose Pass, June 26, 1976; WJE #278, McKinley Park, June 
28, 1976; WJE #300, mile 307, TAPS Hwy., July 3, 1976; 


WIE #310, mile 322, TAPS Hwy., July 4, 1976. 


Alberta: WJE #021, Prospect Creek Rd., Cadomin, August 
2ogel 916; WIE GO48, Hwy. tl, W. of Calgary, August 13, 
LITO WEG OoG, Kananaskis Rd, , July, 15;) 19/5) SWokepeeo, 
Prospect Creek Rd., Cadomin, June 16, 1976; WJE #108, 


Caecicweit., Waterton Park, July 127, 1977 


British Columbia: WJE #344, mile 403, ALCAN Hwy., July 


apy oA REIS ie 


Montana: WJE #096, Beartooth Pass, Hwy. #212, August 12, 
1975; WJE #102, Goat Flats, Anaconda Wilderness, August 
l1, 1976; WoE #392, Mud Creek, Glacier Park, August 13, 


TOG meet ad oe Glacten CO., duLy 9.01977. 


North Dakota: WJE #182, Glen Ullin, Morton Co., May 


2 Oo OF 


Northwest Territories: WJE #457, Dolomite Lake, Inuvik, 
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July 5, 1977; WJE #467, Rocky Hills, July 7, 1977; WJE 


TAU Jet CNardsen Mts, .0UlLyeo,  LO7 7s 
Oregon: WJE #375, Wallowa Mts., Joseph, August 9, 1976. 
Saskatchewan: WJE #195, Broadview, May 27, 1976. 


Souths Dakota:, WJE #176, Hwy..#16, Custer Co., Black Hills, 


May 25, 1976. 


Washington: WJE #357, Hurricane Ridge, Olympic Park, 


Auigni sat Gj8.L97.6,. 


VYukonslerrutories: Woe +241, Kiviane, bake, gune 24, 1976- 


WJE #323, mile 82, Dempster Hwy., July 6, 1976. 
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CHAPTER 4. 
DISCUSSION AND CONCLUSIONS 


The results of the present study do not support the 
concept of a North American Oxytropts campestris (L.)DC. 
as suggested by various workers (Barneby, 1952; Boivin, 
1967; Hultén, 1967). As presented here, a number of the 
taxa they relegate to the category of variety or sub- 
species should be given species status in light of the 
morphological, chemical, and cytological data (summarized 
in.lablegls)..iWith the exception, of the. taxon-<daviszz, 
all taxa investigated have previously been recognized at 
the specific level (for example, 0. columbtana St. John, 
T9230 .ejordalve Porsind,) 2951). ee ihe “authorsproposes 
the following treatment of the Oxytropts campestris complex 


in northwestern North America. 
Oxytropts vartans (Rydb.) K. Schum. 


Aragallwve vartane Rydb., Bull. N.Y. Bot. Gandy 

2m Oa ee LooL. 

Oxytropts vartans (Rydb.) K. Schum., Just's 
Janeesoe;, 2/7: 43, elo0s. 

Oxytropits alaskana A. Nels., Univ. Wyo. Pub. 
BOG .20e el 9Zb. 

Oxytropts hyperborea Porsild, Sargentia, 4:53. 
1943. 


Oxytropts campestrts (L.)DC. var. vartans (Rydb.) 


BParnebvye 2roGe Cal Acad. oCi.) LY ame awi 
Bose A. 
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TABLE 18. 


Synopsis of the characters of the seven taxa in the 


Oxytropts campestris (L.)DC. complex 


in northwestern North America 


TAXA 
CHARACTER 
vartane P 
48 race Ye Ay gractlie dispar custcht{t feolumbtana dordaltt 
Number of 13-45 13-23 17-33 17-25 7-17 11-17 
leaflets 
Stipule: Sorsal pilose, pilose, pllose, densely thinly pilose, thinly 
Vesture glabrate glabrate glabrate pilose pilose, rarely pilose, 


g).abrate glabrate qlabrate 


Stipule: Marginal ciliate, ciliate, ciliate, ciliate, ciliate, ciliate, ciliate, 
Vesture clavate clavate alahrete, clavate rarely clavate clavate 
processes processes clavate processes glabrate processes processes 


rare 


ochroleu- ochroleu- 
cous cous, 
pink, 
purple 
12.5-14 11-14 11-14 10-11 


char. to 
coriaceous 


processes rare 


Number of flowers 
per raceme 


Corolla colour ochroleu- ochroleu- ochroleu- ochroleu- 
cous, cous, cous, cous, 
whitish whitish whitish whitish, 


Corolla: Keel 
length (mn.) 


Pod: Texture chartaceous char. to 


coriaceous 


Chromosome 
Number (2n) 


Habitat rocky roadsides,| prairies, prairies, rockslides} gravel barg arctic- 
hillsides, gravel roadsides, wooded stony stony lake alpine 
moraines, bars, mountain ravines ridges, or river ridges & 
arctic & open meacows, alpine & shores meacows 
sub-arctic forests open wood- sub-alpine 
shores, land meadows 
roadsides 

Distribution Alaska, Alaska, Wyoming to North northern northeastern central 
Yukon, eastern Washington Dakota & central Washington,| Alaska, 
western Siberia southern Rocky Mts,{ northwestern northern 
N.W.T, third of Wallowa Montana Alaska & 

prairie Mts., Ore. Yukon, 

provinces Ogilvie & 
MacKenzie 
Mts., dis- 
junct to 
Juneau & 
Mtn. Park 
Alberta 

Flavone aglycone: 
present present present absent present 


apigenin 


Flavonol aglycone 
kaenmpferol present present present present absent 


ae — 


davtatt 


31-51 


thinly 
pilose, 
gtabrate 


ciliate, 
clavate 
processes 


10-16 


11-12 


char. 


32 


gravelly 
stream 
banks & 
shores 


northeastern 
British 
Columbia 
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Variable in stature and pubescence; sti- 
pules pilose dorsally, the margins beset with 
bristly ciliae and some clavate processes; 
leaves 3-15 cm. long; leaflets 13-45 , sub- 
Opposite or geminate; scapes ascending 3.5-24 
cm. long; racemes 10-25 flowered; calyx with 
black and pale hairs in varying proportions, 
6-8 mm. long, tube 4-6 mm., the teeth 1.5-3 
mm. long; petals ochroleucous, yellowish, or 
white; banner 13-15 mm. long; wings 12-15 mm. 
long, blades 3-4 mm. wide; keel 10.5-14 mm. 
long, occasionally maculate; chromosome num- 
ber 2n=48, 2n=96; rocky hillsides, roadsides, 
moraines, gravel bars, shores in Alaska, the 
Yukon, and the western Northwest Territories. 


Holotype: Lewes River, Yukon; J.B. Tarleton 
Ssporh Ike» (orsw yt 


First described by Rydberg in 1901, Oxytropts vartans 


is aptly named since it is variable in stature, vestiture, 


length of stipule blades, length of scapes and leaves, 
number and disposition of the leaflets, length of the 
flowers, and the length of the calyx. This variability 
has resulted in diverse taxonomic treatments of the 


taxon. 


Within ‘the lO. varzans complex, sPorsvid) (1943) recog— 


nized two species in the far northwest marked by the 
presence or absence of paired leaflets in some of the 
leaves, 0. hyperborea and 0. campestris respectively. 
The author's examination of herbarium specimens and per- 
sonal collections failed to sustain this separation or 
Porsild's taxonomic treatment of the Oe. As Barneby 
(1952) observed, the degree to which the leaflets are 


geminate varies in plants of the same collection and 
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PLATE 2. 


Type specimen of Oxytropts vartans (Rydb.) K. Schum. 


UNITED STATES NATIONAL HERBARIUM. 
DEPOSITED BY THE SMITHSONIAN INSTITUTION, 
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from the same locality and are not correlated with other 
characters. 

Hultén (1967, 1968) also did not recognize the taxon 
vartans and has referred this material from Alaska, the 
Yukon, and the Northwest Territories to 0. campestris 
(L.)DC. subsp. gracilis (A. Nels.) Hult. Both Welsh (1967) 
and Boivin (1967) do, however, recognize the taxon as 
circumscribed by Barneby (1952). 

The results of the present study support Barneby's 
concept of a morphologically distinct taxon restricted 
to Alaska, the Yukon, and the western MacKenzie district. 
Although two chromosome numbers are present in this taxon 
(Table 5), analysis failed to reveal significant morpho- 
logical differentiation between them (Table 18). Indi- 
viduals of either number are extremely variable in stature, 
vestiture, and flower size; it is only guard cell lengths 
that distinguish them. Further analysis is required in 
order to elucidate cryptic morphological differences. 

The distribution of the two chromosome numbers of 
O. vartvans 1s plotted on Map 3. Restrictedyto the ungla- 
ciated regions of the far northwest, the dodecaploid 
(2n=96) occurs in Alaska and the extreme eastern portion 
Ofusiberia. To the south, Gast, and north, 2tevsepar— 
tially surrounded by hexaploid (2n=48) representatives. 
Considering the adaptive inferiority of strict auto- 


polyploids in rapidly changing environments (Stebbins, 
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MAP 3. 


Distribution of the chromosome numbers in Oxytropts 
vartans (Rydb.) K.Schum. based on the author's col- 
lections, published chromosome counts, and guard cell 


measurements of herbarium material 


2n=48 aA 


2n=96 B 


Po/lyepecnesdodecaploid is possibly alloploideu(sensu Grant, 


1971) in origin. Observations of meiotic pairing would 
be crucial to any interpretation of the origin of the 
higher polyploid. 

The flavonoid data listed in Tables 12 and 13 and 
summarized in Figure 43 indicate that the populations 
representing the two chromosome numbers of 0. varitans 
share four glycosides, 45% of the identified components 
of the flavonoid profile for the dodecaploid. Obviously, 
there is much genic and chromosomal differentiation 
underlying the morphological similarities. In the inter- 
est of a practical taxonomy, however, it has been deci- 
ded to treat the complex as a morphological-geographical 
Unit: ) 0.) vari~gus (distribution shown on Map 4) . 

It is interesting to note that the hexaploid 0. 
vartans (2n=48) shares five glycosides with the tetra- 
ploid race (2n=32) of 0. gracilis, 50% of the latter's 
flavonoid profile. Indeed, these two taxa share the 
greatest number of flavonoid glycosides among the popu- 
lations analyzed. There are, though, many geographical 
andemMorpnological discontinuities that warrant Separa— 


tion of the two taxa at the species level. 
Oxytropts gracilis (A. Nels.) K. Schum. subsp. gractiis 


Aragallus gracilis A. Nels., Erythea, 7:60. IRSA hs 
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MAP 4. 


Distribution of Oxytropts varians (Rydb.) K.Schum. based 
on the author's collections and selected herbarium 


material 
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Oxytropts lamberttt fp Hook., Fl. Bor. Amer., 
ae) oo Lost. 

Oxytropts monticola Gray, Proc. Amer. Acad., 
20:6. 1884. pro max parte. 

spresta monttcola (Gray) O. Kze., Rev. Gene, 
ZA SS) Nope Se 

Aragallus monticola (Gray) Greene, Pittonia, 
Sie oes 91] 

OeuTrOUT ea racr Te eh aNGl SS) eh se oChunN es, JUSt LS 
Uanreste see): 490 ee Poole 

Avagareuesunltosus Rydbwy bul eeTorn. @elubs 
Zooey oO lL, 

Uxytropre Uti lesa™ (kydb.) Ke -schum=,ouse 7s 
Janrvesh., ,w292 545. 81903% 

Aragallus luteolus Greene, Proc. Biol. Soc. 
Washep ele: 17 2190 >" 

Aragallus albertinus Greene, Proc. Biol. Soc. 
Wash; 9162-05-19 05" 

Aragallus cervitnus Greene, op. cit., 16. 1905. 

Aragaltlus macountt Greene, loc, cit., pro parte. 

Oxytropts luteola (Greene) Piper and Beattie, 
Pen WeecOasty soy. 19157 

VLULPORLeEECLumpecagwol... UO; 2 LOCI 5100 eOOC. 
Washi. 413103. 1926" 

CLULV ODEs Mesaiiaus ta Oli; OO~—CLtLL, Lu l. 


US2:8). 

Oznytropts-okanoganea St. John, op. cit., 102. 
1928. 

Oxytropts cascadensts St. John, op. cit., 105. 
1928. 


Oxytropts alberttna (Greene) Rydb., Fl. Prair. 
EePley 4040819827 

Astragalus rydbergtanus Tidestr., Proc. Biol. 
Soc. *Washe,) 50S LOTS 1987S Gon A. evr tosis 
Mchx.). 

Astragalus albertinus (Greene) Tidestr., loc. 
slaty yy MR) ges 

Astragalus mazama (St. John) G.N. Jones, Univ. 
Washos Pub. pO. oO. et Ue 

ASCrovalnerorayvanic =i rdestre, “ine Lideser. @& 
Reet, cl Le Ars Ze New Mex. 7. 226.0941, 

Oxytropts campestris (L.)DC. var. gracilis (A. 
Neds.) sBarneby, Proc.) Cal, Acad Scis 1, 
2iseoot 1952. 

Oxytropts campestris (L.)DC. subsp. gracilis 
(A. Nels.) Hult., Kungl. Svensk Veten. 
Handley oe/ bee tO 7 

Oxytropts campestris (L.)DC. var. cervinus 
(Greene) Boivin, Nat. Can., 94:75. 1967. 
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Variable in vestiture of herbage; stipules 
almost glabrous to densely pilose dorsally, the 
free blades ciliate or eciliate; leaves some- 
what dimorphic, 6-23 cm. long with 17-33 linear- 
oblong, lanceolate, or obovate leaflets 6-23 
mm. long, commonly opposite or sub-opposite; 
scapes erect 10-30 cm. long: racemes 10-30 
flowered; bracts pilose dorsally, shorter than 
tOgncarly twice as slong as the calyx; calyx 
pilose or hirsute 7-925 mm. long, tube.4.5-6.5 
Mi yeceeclw o> 2. Me Olg? sCOLO UL aNwiattish 
or ochroleucous; banner 12-17 mm. long; 4-7 
mm. wide; wings 10-16 mm. long, the blades 
oblong rarely dilated upward; keel 10-14.5 mm. 
long; chromosome number 2n=32, 2n=48; prairies, 
open woodlands, and mountain meadows from Brit- 
ish Columbia and northwestern Washington to 
southwestern Manitoba and northern Colorado. 


Type: Limestone Range, Black Hills, Weston Co., 


Wyoming; A. Nelson 2545 (GH, NY, US 
isotypes!), 1896. 


Oxytropts gractits subsp. gractits has been known for 
over a century and, as Barneby (1952) notes, has had a 
rather chequered nomenclatural history. The 0. campestris 
of early authors undoubtedly was this taxon. 0. gracilis 
was first segregated from the Furopean 0. campestris and 
from 0. lambertit in Gray's second revision (1884), where 
it received the name 0. monticola. This species was, 
unfortunately, based on six collections which were not 
conspecific; consequently, it has been misunderstood by 
many taxonomists. The type of 0. monticola, selected by 
Cll Porter because it was the first collection .cited 
by Gray in his revision, is actually 0. visetda. The 
first validly published name and description of this 


taxon was Aragallus gracilis by Aven Nelson (1899). 
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PLATE 3. 


Type specimen of Oxytropts gractlts (A. Nels.) K. Schum. 


subsp. gracilis 
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0. gractlis subsp. gracilis, typical of the majority 
of species in this genus, is highly variable with respect 
to vestiture, leaf size, and, to some extent, flower 
size. As in 0. vartans, this variability has resulted in 
the naming of numerous taxa often based on unstable and 


uncorrelated characters. Rydberg (1901), for example, 


described villous specimens of 0. gracilis subsp. gracilis 


as Aragallus villosus. Later workers demonstrated that 
the silky and glabrescent states often exhibit many 
intermediate forms occurring in the same locality and 


even in the same collection. 


East of the continental divide, subsp. gractlts forms 


a particularly coherent unit characterized by small 
flowers with whitish or ochroleucous petals and numerous 
leaflets. Map 5 shows its distribution. The cytological 
data, presented in Table 5, indicate that these plants 
also possess the same chromosome number, 2n=32. Ele- 
ven flavone and flavonol glycosides were identified in 
the sample representing this taxon (Table 10). Table 16 
shows that 36% of the glycosides are unique to subsp. 
gracilis. This represents a substantial degree of chem- 
ical unigueness and reinforces the concept of a morpholo- 
gically, cytologically, and geographically distinctive 
taxon east of the continental divide. 

West of the continental divide, the situation in 


subsp. gracitlts becomes quite complicated. St. John 
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MAP 5. 


Distribution of Oxytropis gractizve (A-Nelss) K.Schum. 
based on the author's collections and selected herbarium 


material 


@® subsp. gracilis 


A subsp. dispar (A.Nels.) Elisens 
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(1928) in his revision of the loco weeds in Washington, 
distinguished four species (Oxytropis lLuteola, O. mazama, 
O. olymptea, and 0. cascadensts) from northern Washington 
on the basis of calyx size and stipule pubescence. Rep- 
resentatives of these taxa while not exactly alike, do 
intergrade morphologically and also with subsp. gracilis 
east of the divide. A similar situation is found in 

the plants along the Okanagan River in northern Washing- 
ton and British Columbia described by St. John (1928) as 
0. okanaganea. In its extreme state with tall erect vil- 
lous scapes, densely pilose stipules, few leaflets, and 
large flowered racemes, 0. okanaganea St. John is distinct 
from subsp. gractlts. However, many of the herbarium 
specimens examined intergrade with subsp. gractits and, 
at the present time, the author agrees with Barneby (1952) 
who lists it as a synonym of var. gracilis. 

Ledingham (1960) reported a chromosome count of 
2n=48 for material representing 0. okanaganea St. John 
(Tableg3ji2. Theicytologicaledata iofethe jpnesentistudy 
(Tabie 5) ‘give a similar count for 0. olympirea St. ohn. 
Indeed, the guard cell measurements from herbarium speci- 
mens (Table 8) indicate that all representatives of 0. 
gracd lia ssubsp "gracilis from west ,of the continental 
divide anee2n=48.. #hThiseisitnedistinctscontras teto gthe 
2n=32 found uniformly in populations east of the divide. 


Although no detailed flavonoid studies were carried out 
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on this material, the cytological and morphological data 
presented here suggest that subsp. gracilis is comprised 
OLsateleaststwo distinct entities, However, as with 0. 

vartans, the author has decided not to subdivide 0. gra- 


etits subsp. gracilis. 


Oxytropts gractlis (A. Nels.) K. Schum. subsp. dispar 


(Awe Nedso )ehiasens COMDs "and State 100. 


based on 
Aragatlus dtspar A. Nels., Erythea, 7:61. 1899. 


Oxytropts campestris (L.)DC. var. dispar (A. 
Nelooebarneby,erroc. Cal seAcad. SCI. lV, 
Ds GPM, AGES 


Herbage densely silk-pilose, the stipules 
usually concealed by vestiture; leaves often 
dimorphic with 17-25 linear lanceolate or ovate 
leatbletsmeon2 Cisse lLOngs, scapes erect, ./=.9 cm. 
long; racemes 8-15 flowered; calyx 8-9 mm. 
Long; stne=sctubeso-G.5 nm., teeth 2Z=275emm. slong; 
petals purple, blue, pink, white, or ochroleu- 
cous; the banner 1/-19 mm. long, 6-3 mm. wide; 
wings 14-16 mm. long, the blades dilated up- 
ward and 4.5-6 mm. wide near the apex; keel 12- 
13 mm. long; pod coriaceous; chromosome number 
2n=32; prairies or brushy places along ravines 
in North Dakota. 


Holotype: = Dickinson,» otarks CO., NOLtieDakota,; 
T8962 Mrs CoOokm(rM) | 


O. gractivs subsp. “dtspar was first described by 


Aven Nelson (1899) as Aragallus dispar. The epithet 


dispar refers to the occasional dimorphism of the leaves. 


Subsequent workers have noted that this "key" character 
has been overstressed since it appears occasionally in 


subsp. gractlis and in 0. vartans. The diagnostic char- 
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PLATE 4. 


Type specimen of Oxytropts gractlts (A. Nels.) K. Schum. 


subsp. dispar (A. Nels.) Elisens 
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acters of the taxon, the polychrome colouration of the 
flowers and the somewhat coriaceous texture of the pod, 
have indicated to Porter (1951) and Welsh (1960) that 
subsp. dtspar originated as a fertile hybrid between 0. 
gractits subsp. gractits and 0: lambertii.. Although no 
detailed flavonoid data were obtained, the cytological 
data of the present study (Table 5) does not support 
their hybridization hypothesis. 90. gracttlise subsp. dispar 
has a chromosome number of 2n=32 while Ledingham (1957) 
reports 2n=48 for 0. lambertiz. | 

Subspecies dispar is cytologically, ecologically, 
and me@npphologucally simitanstomsubsp.~ gracilis yet it 
is geographically distinct and morphologically recog- 
nizable. Following Davis and Heywood (1963), it is best 


categorized at the subspecific level. 
Oxytropts eustektt Greenm. 


Oni eopucmcuaho kt? BGreenm wyet ny theaguec 16. glco 9. 

Aragatlus alptcota Rydb., Mem. N.Y. Bot.) Gard., 
e252 201900: 

Oxyevopts alptcola (Rydb.) Jones, Mont. Bot. 
Notes S37: wLOlOntronuetuneze (ha4t2)e 

Oxytropts rydbergit A. Nels., Univ. Wyo. Pub. 
BOt £7 Ol 3) 1 7 sO 26. 

Oxytropts paysontana A. Nels., Univ. Wyo. Pub. 
Bote, tis: 209 ap l O26 

Astragalus rydbergianus Tidestr., Proc. Biol. 
So@u Washey7i50 219 Iul 93am. Line ete vericaud 
Mcohx.)% 

Astragalus tatpicota | (Rydbs) sTidestrs, «Proc: 
BOL COCm Vash oo ee Ss 

Oxytropts campestrts (L.)DC. var. rydbergit (A. 
Nelst)eReuds DAVIE = Madrono,, iki 4e4 roo, 
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Oxytropts campestrts (L.)DC. var. custckit 
(Greenm.) Barneby, Proc. Cal. Acad. Sci. IV, 
eAO eel 95 2). 


Low plants; densely or thinly pilose 
throughout; stipules glabrous or sparingly 
pilose toward the base, the free blades ciliate 
or eciliate; leaves 1.5-12 cm. long with 7-15 
leaflets 3-5 mm. long; scapes erect, arcuate- 
ascending Or prostrate, 2.5-15) cm. Jong; 
racemes 3-15 flowered; bracts pilose dorsally 
or somewhat glabrescent; calyx 7-9 mm. long 
with dark and pale haris; the teeth 2-3 mm. 
jong; petals: ochroleucous, concolourous, or 
keel sometimes maculate; banner 14-18 mm. long; 
keel 11-12.5 mm. long; chromosome number 2n=48; 
rock slides, stony ridges, and alpine and sub- 
alpine meadows between 7,000-11,000 ft. in the 
Rocky Mountains from northern Colorado to 
Alberta-British Columbia, Wallowa Mts., Oregon, 
Wenatchee Mts., Washington. 


Types: alpine summits of the Wallowa Mountains, 


eastern Oregon; 1898, Cusick 1365 (GH), 
2095 (GH, ND, UC, US)! 


Oxytropts custekitt Greenm. was first described in 
1899, one year prior to Aragallus alptcola Rydb. fThis 
latter synonym appears to represent a more condensed and 
compressed alpine state generally found in the northern 
pave OLeO wmicuetcAciy G Lange «(Map O)imanldelounO Uso ti 1 
ciently distinct to warrant taxonomic recognition. 

Barneby (1952) remarks that 0. custcktt is inti- 
mately related to 0. gracilis subsp. graetits differing 
principally in the relatively few leaflets per leaf and 
its alpine habitat. In the southern part of ats range, 


O. custekit does show several morphological similarities 
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PLATE 5. 


Type specimen of Oxytropts eustektt Greenm. 
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MAP 6. 


Distribution of Oxytropts custektt Greenm. based on the 


author's collections and selected herbarium material 
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but it consistently has a different chromosome number (2n= 
48) and a radically different flavonoid profile (Table 9) 
than 0. gracilis subsp. gracilis. The preponderance of 
flavonol glycosides (often with xylose as a sugar compo- 
nent) is unlike any other flavonoid profile analyzed in 
the presentestudy. The datain Tabple=Jomindicater that 
almost 70% of 0. eustckti's glycosides were unique, 
occurring “in no other taxa. "0. “gractizs subsp. -gractitis 
and 0. custekitt shared only one flavonol glycoside, 
kaempferol 3-O-glucoside. These data considered, it seems 
entirely appropriate to reelevate 0. eustcktit to specific 
status. 

Merpnologicaliveana ecologically, 1 -1S*OLtem dic— 
Proult to distinguisi co. serrcoeq NuLt. Vale) SDtCatd MhOOk.) 
Barneby from 0. custckit where they are sympatric. Gen- 
erally, 0: sertcea Nas a thickly coriaceous pod but var— 
jability in thickness is common and has resulted in taxo- 
nomic confusion. Furthermore, Ledingham (1957, 1960) 
and Ledingham and Fahselt (1964) have reported chromosome 
numbers for 0. sericea var. spteata as 2n=48. In view 
of the findings of the present study, the relationship 


between these two taxa should be reinvestigated. 


Oxytropts columbitana St. John 


Oxytropis columbtana St. John, Proc. Biol. Soc. 
Wash., 443100.. 1523) 
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Oxytropts campestris (L.)DC. var. columbtana 
(St. John) Barneby, Leafl. West. Bot., 
Beret e951": 


Robust, on a heavy taproot; stipules 
prevailingly pilose dorsally, the free blades 
6-13 mm. long; leaves 8-17 cm. long with 11-17 
broadly lanceolate-oblong to narrowly elliptic 
JedtletseJ-30emm. long; Scavessereot 20-30 cm. 
long; racemes 10-28 flowered; calyx silky- 
pilose with many dark hairs, 7.5-10 mm. long, 
thes tubes 6.0m. , teeth. 2.5-45mm ong: .cor— 
Olla white, the banner veined and the keel 
maculate with purplish-blue, banner oblanceo- 
Late-ovater.>.o--0 mn.s long, soammn.s wildermwinds. 
13-18 mm. long, blades 9-11:5 mm. long, 3-4 
mm. wide; keel 12-17 mm. long; chromosome num- 
ber 2n=48; riparian habitats along the Columbia 
River in northeastern Washington, and around 
Flathead Lake in northwestern Montana. 


Type: gravelly beach of Columbia River, near 


Marcus, Stevens Co., Washington, 1926, 
St. John 6482 (Wwrc, GH)! 


Somewhat intermediate between 0. gracilts subsp. 
gractiis and 0. servcea, 0. columptdna was first described 
by St. John (1928). It shares the white flowers, con- 
spicuously maculate keel, greater stature, and chromo- 
some number (2n=48) with 0. sertcea while its pod texture 
and flower size resemble 0. gractlis subsp. gracilis. Its 
distribution (Map 7), habitat, and ease of recognition, 
however, reinforce St. John’s decision to accord 1 speci— 
fic status. | 

tn some respects 0. columbitana is similar to 1. 
okanaganea St. John, discussed as a synonym Of +O. 97ra- 


etlis subsp. gracilis. They share the fewer leaflets 
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PLATE 6. 


Type specimen of Oxytropts columbtana St. John 


Negative No g q hie 


Herbaria of the 
Arnold Arboretum and Gray Merbarium 
Harvard University, Cambridge, Mass. 
U.S.A. 


ISOTYPE 


WASHINGTON 


Oxytropis columbiana St.John, n. sp. 
gravelly beach of Columbis Fiver, 
Marcus, Stevens Coc, 

standerd and wings white with delia te 

blue veins, keel bluish-purple blo’ ched 

Harold St.John 6462. June 27, 1924, 
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MAP 7. 


Distribution of Oxytropts columbtana St. John based on 


the. author's collections and selected herbarium material 
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per leaf, broad wing petals, robust habit, geographical 
range, and chromosome number (Ledingham, 1957). This is 
further evidence indicative of the need for revision of 
O. gractits subsp. gracilis found west of the continental 


divide. 


Oxytropts jordalit Porsild subsp. jordaltz 


Oxytropts jordaltt Porsild, Canad. Field-Nat., 

Se & ab eheee 

OxYUtropre campestris (L.)DG. Vane gordagdii71 
(Porsiid) Welsh, Leaf. West. Bot, 10: 
Aya. AUSNG Sis 

Oxytropts campestris {L.)DC. subsp. jordaltz 
(Porstid)@hult., Kungi. «Svensk Veten. 
akewaleliles ys WG AbG AMSG W 5 


Plants caespitose from a branching caudex; 
leaves 6-10 cm. long; leaflets narrowly lanceo- 
late, subinvolute, variable in vestiture; scape 
purplish-green, appressed strigose, 10-14 cm. 
long; stipules pilose dorsally with clavate 
processes; inflorescence capitate to sub-capi- 
tate, 6-12 flowered; calyx campanulate, 4-5 mm. 
jong, the teeth 1.5-2 mm. long, with black and 
pale hairs; corolla pink, purple, yellowish, 
less -than 14° mms “long; Keel) 10-1175 5mm) long, 
often maculate; chromosome number, 2n=32; dry 
rock ridges, open spruce woodlands in north- 
central Alaska and Yukon, MacKenzie Mts., N.W.T., 
Juneau, Alaska, disjunct to Mountain Park, Al- 
berta. 


Holotype: open spruce woods near Arctic Village, 


Brooks: Range, Alaska ss1050, et. 
Jordal 3580 (CAN)! | 


Oxytropits jordalit subsp. jordalit, described by 


= © 


: tintdouaphe Pee 
gi aldt - (Teer no 


'6 nolaived 202 ede u's 


ars 


aoe wit 20° igaw bana ee an 
_) 


‘oma 
42 


=e 


3 > 5 vent a% * Tt “ve Bi a 10% Pabasi + 


“sy de%- “biolt hae Bi hardt ayepes) adquesge 


beet .00:28 
SySabie}  . sev Od .8) ed teaegnne pitt aren 7 
:O4 <atoa .Je0W ~tank Cele Giz 2207) ~ iv 
-t0eL #8 os f 

+einbast .qedhe ae ath a> Se SATRHD siqouty2) c= ~ ol) 
. £67 6F xeanevs PPR rt he Rina [wil bilie £04) ; 

, -HeL abet , »fibanh Ai ee _ 


; : ; 1 
ij xatnias nittiaete o wath sent inees> etaett : 
~pesial ylworzer Gebteul gual .mo 0F-¢ saveol © 
sqava iciotiseey af efdsitey ,etbLovaidue soteal 

on $1~l ~e¢opdets bereetqas «ase tp—iletiqaug 
bests op asiv pe seoligq aelugise ;omot : 
sie od sindéighe sansvesseligi yaseeaoo19 
Z ae Walumaqtien telae ¢hoxvewol?, £1-8 «ered — 
tig tc hd dtiv. .paok .an S-+2,1 dzeod afd ,pnol 
soieglieg .oiqieq ania sifoton iaxted 4 
ee “at veers “OL tecdA’smtol .um of t ned anel 
wah (Lhegs —  gmtrmemirsils seval = 
-¢2t0n af Binelhoow dowigs feqge \ send, bathe 
«eF.4.8 , 03% GENERA 46 boa sAwslA 
-)4 ,Jtet ale =— os donupers , 2 ‘< |! 


vapes ity aseoah sa0r shane act 
a oral texeslA * 2 


PLATE 7. 


Type specimen of Oxytropts Fordattt Porsild 


subsp. jordalizt 


ES 


TANICAL ys 


PLANTS OF THE BROOKS RANGE, ALASKA 
RI bY THE NOTA tA SINLESEI 


202678 atbered in ary, open sue ins 


Lor 


Porsild (1951), was named after L.H. Jordal who collected 
extensively in the Brooks Range. Distinctive with its 
few flowered inflorescence, small flowers and few leaf- 
lets, it has been held at least varietally distinct by 
subsequent workers (Welsh, 1963; Boivin, 1967; Hulten, 
ENS) 1 ic 

Porsild (1951) and Welsh (1967) suggest that it may 
be related to 0. terrae-novae Fern. of the eastern arctic 
which it resembles in pod size and texture, and occasional 
flower colour (purple). However, apart from the distri- 
butional difference, it differs substantially from this 
taxon in the size of its flowers, and its chromosome num- 
ber, 2n=32. 0. terrae-novae has a chromosome number of 
2n=46— (Hedberg, 1967)" 

Alternatively, Hultén (1968) believes that subsp. 
gordaliit is closely related to 0. campestris (L.)DC. 
subsp. sordida (Willd.) Wahlenb. (2n=48) from northern 
Eurasia. Besides being different in chromosome number 
(galas, 1950; Haane, 1966), the taxon sordtda is larger 
flowered and possesses more leaflets (Tutin and Heywood, 
Sod). Ga iorddlit Subspy gorda? 7? is, Chus,s geo 
graphically, morphologically, and cytologically dis- 
tinctive. In addition, it occurs in localities (Map 8) 
that were unglaciated during the Pleistocene (Geological 
Survey of Canada, 1968): Ogilvie Mts.., Yukon; White Mts., 


Alaska: MacKenzie Mts., N.W.T.; and Mountain Park, Alberta 
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Distribution, of Osytroots, jgordalt 7 rorst ds bacsed sonerne 


author's collections and selected herbarium material 


@ subsp. jordalit 


A subsp. davistt (Welsh) Elisens 
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(Packer and Vitt, 1974). It has also been collected 
near Juneau where glacial survival is suggested by 
Heusser's (1954) report of Oxytropts species on a nuna- 
tak in the Juneau ice field. 

Flavonoid data from samples collected in the Moun- 
tain Park, Alberta locality (Table 11) indicate that 
subsp. jordaltt has a unique flavonoid profile, comprised 
almost exclusively of flavone glycosides. It lacked 
kaempferol glycosides which were found in the other taxa 
analyzed. Thus, the chemical data is in agreement with 
the other findings of the present study which support 0. 
Jeordavuczesubsp. sjondalc 4 as @ distinctive Geaxon jand 
probabtertolacia bere not. 

0. jordalit subsp. jordaltt has both yellow flowered 
and pink-purple flowered forms which often intergrade 
depending on the locality. In the west-east transect 
from the Brooks Range through the British Mts. to the 
Richardson Mts., Welsh (pers. comm.) observed a clinal 
change in petal colour from yellow to pink-purple, 
respectively. This observation, reinforced by the author's 
field and herbarium studies, makes taxonomic recognition 


based on petal colour impractical. 
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Oxytropts jordaltt Porsild subsp. davisitzi (Welsh) Elisens 


COMD. and "Stat. 1oOv. 


based on 
Oxytropts campestris (L.)DC. var. davisii Welsh, 
ede mee St.mbOt. el: 2 on elo bo. 


Acaulescent herbs from a branching caudex; 
leaves pinnate, 4-10 cm. long; leaflets 25-51, 
ovate to lanceolate, some fasiculate 5-9 mm. 
long, 2-3 mm. broad, acute, pilose above and 
below with simple hairs; leaf-rachis and petiole 
groovedsvencrally, Sstrigulosesto pilose; sti— 
pules 12-14 mm. long, the free ends 5-6 mm. 
long, sparsely pilose, ciliate, clavate processes 
oftens present "scape 5=—14 cm. slong, Sstrigulose; 
raceme 2-4 cm. long, 10-16 flowered; petals 
bink-punp les ecalyx cov laindric, pwat darkeand 
jight “hairs, tube 4.2-4.7 mms long, teeth 125- 

2 mm. long; chromosome number, 2n=32; gravelly 
disturbed habitats in northeastern British 
Columbia. 


Holotype: mile 403.4, ALCAN Hwy., British 


Columbia 196027, eh. Davis  oU7 0 
(BRY)! 


0. jordaltt subsp. davtstt was first described as a 
variety of 0. campestris by Welsh (1963). Distinguished 
by commonly verticellate leaflets and pink-purple flowers, 
Tt demonstrates: affinity with subsp. jorcalt a by its 
chromosome number (2n=32), pink-purple flowers, and small 
papery legumes. Subspecies davistt is restricted to the 
area around northeastern British Columbia (Map 8) where 
its occurrence suggests Pleistocene survival. No detailed 


flavonoid data was obtained. 
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PLATE 8. 


Type specimen of Oxytropts jordalit Porsild 


subsp. davtstt (Welsh) Elisens 


18is 


The cytological data of the present study and the 
distribution of the taxa (Maps 4-8) suggest that Oxytropts 
campestris sensu Barneby (1952) and Welsh (1963) repre- 
sents a mature polyploid complex (Stebbins, 1971) which 
has undergone several cycles of polyploidization followed 
by periods of diversification and differentiation. Since 
trends of polyploidy are generally from lower to higher 
levels, polyploid complexes are particularly useful in 
analysis of problems of plant geography and phylogeny. 
Stebbins (1971) states that most mature complexes origin- 
ated during the Pliocene or Pleistocene. Indeed, the 
relative antiquity of this complex is indicated by the 
fact that there is no extant diploid (2n=16) Oxytropts 
Similar to any of the taxa. The species with the lowest 
pioidyplevei (2n=32) in the*complex, 0.73 ordalt7 and 0. 
gracilts, represent the morphological, geographical, and 
ecological extremes. The variable 0. gractlis with its 
many leaflets, numerous ochroleucous, whitish, or pinkish 
flowers, and small chartaceous pods is probably most sim- 


ilar to a hypothetical "proto-campestris" (Figure 44). 


Survival south of the glacial margin is suggested by its 


present distribution. On the other hand, the low-statured, 


alpine taxon 0. jordalit, with 6-12 small flowers per 
raceme, is ecologically and morphologically specialized. 
Its narrowly restricted, widely disjunct GS er otited ON, 


confined principally to unglaciated areas, suggests that 
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it could be considered a patroendemic (Favarger and Con- 
tandriopoulos, 1961). 

Morphological similarity (for example, the large 
number of leaflets, numerous flowers, small chartaceous 
pods) indicates that 0. vartans (2n=48, 96) and the Eur- 
asiatic 0. campestris (2n=48) are closely related to 0. 
gracilis (2n=32, 48). The data of the present study, how- 
ever, suggest that these three taxa diverged ecologically, 
geographically, and cytologically and have had very dif- 
ferent evolutionary histories. The changing environments 
and subsequent contraction and intermixing of floras 
characteristic of the Quarternary might explain the rela- 
tively rapid evolutionary diversification within this 
polyploid complex. For example, the dodecaploid race 
GE 0. varians ws *possiblyror recent, nybrideorigin and 1s 


still expanding its range. 


Tn markea contrast, the, diftferentaation of 0. custckte 


(2n=48) and 0. columbiana (2n=48) from 0. gracilis was, 
perhaps, pre-Pleistocene and a result of the late Tertiary 
orogenies in western North America. This long period of 
isolation and evolution might explain the morphological 
and ecological distinctiveness of fede Cava 

The present investigation does not presume to have 
resolved all the problems in this widespread and poly- 
morphic complex. It does, however, provide some gui- 


dance for an appropriate reclassification. Neither the 


184. 


was bas 


aprel ats ss 


erriobarasits Ligon \aueinty a 
~wd edt bad (at .@benth cee 
% 04 a dates 
wot vybuae’ Hidaeiq a2 to adebieen 48 
“qlinotpsfese beprarih aad eoitly | 
-2kb yee hav oad bee eitantpotosye Bam 4 
stinemtos wns pel guaalty: Bee skpbeotalsd, ; 
sazott Yo gutatmendmt Baa notsneeanes 
~elws sud aheldote oMplay wuseyss2009 283 Ro pid 
aid? nisttiw aokteantlewivit yrsnetsaLovy, nine 
ang: hinigesetah std .siqnexe 207, “akqons 

ai One’ cipine Shadi duason Yo wldtncon sh mwtaoe ke 
ae 

pefelhanw cf 3e@ nobanisnaxeXets ait anaes oils at a = 7 
ag siletory .0 most (Steak) napidnates 9 saat me 
vialtse? o3et paz So ifjnes 6 bas enencdubal <a pares on 
te Babaney snot nia woth A230 nieieow ak wstinge 4 
Leokpetotqtan 9A? ataigite eterna saatiaicag) otiateab 9 
sbited amore Fo eeenevitsnisaly 2 » 1 
ovis 22° recemeiia! gon egob nulanpistevnr soe at 
~yhoq han Bassqaably wits mk rapa 2 


sey, saan, esa mere ech at Wo aA 


ches 5 


modern general practice of recognizing only a single 
highly variable species nor that of older workers, who 
recognized many species, was adopted. As is so often the 
outcome of systematic research, a middle course has been 


preferred. 


Key to the Oxytropts campestris complex in 


northwestern North America 


ay Stipules generally bearing clavate processes on 
the margins of the free blades; plants found 
northpor, 56° N. sexcent locallyoine the Alberta 
Rockies); Alaska, northern British Columbia 
to western MacKenzie district, N.W.T. 


by leaflets commonly whorled; corolla pink, 
purple; plants of gravelly disturbed habi- 
tats in northeastern British Columbia 
we se SOLU CROR Se OLldg lt?  SUDSp.. davier. 


by leaflets not whorled; corolla yellow, white, 
Ob, elo Dilk=OuL Dp Ley the sOletr tout Tone OL 
as above 


racemes 10-25 flowered; flowers 
mostiy 12=—1/7 mm. long; leatlets 19-45 
..Oxytropts varians 


Co racemes 6-12 flowered; flowers 
mostly 14 mm. long or less; leaflets 
9-21 


pe OLY TROLS GOrOdl tt. SUDSD.myOrodly 2 


Stipules generally lacking clavate processes on 
the margins of the free blades; plants found 
South of 56° N.-) British. Columbaa, Oregon tb 
Manitoba, northern Colorado 
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leaflets 7-17; plants of low alpine habi- 
Lacs inethesRocky Mountatns Ovetipanian 
habitats in northeastern Washington and 
northwestern Montana 


ehaleleteletetelec!«— 


Qe) petals white, blue-veined, with pro- 
mMinently maculate keel; scapes 13-30 
cm.; tall plants of riparian habitats 
in northeastern Washington and north- 
western Montana 

Ati 4 Oxytropts columbtana 


ey petals yellowish, rarely, if ever, 
Maculate yw escapes ss U9scm.; low alpine 
plants of the Rocky Mountains 
ele s SONY TVOpTSBCUSTGKLT 


leamlets 7 —-ooynoOnypsit) less, thangolants 
of middle elevations in northwestern Wash- 
ington and British Columbia; plants of 
prairies, open woodland, or mountain mea- 
dows 


SP etre Eee 


fy corolla pink, purple, oF polychrome; 
pod coriaceous; prairies of North 
Dakota 


oan. CODY Eroprepgraemiie SUbSD. wa7sran 


£5 corolla whitish or ochroleucous; pod 
chartaceous; prairies, open woodland, 
and mountain meadows from British 
Columbia to. .Manwtoba7ssouths,to Colo-— 
rado 
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REPRESENTATIVE SPECIMENS 
Oxytropts vartans (Rydb.) K. Schum. 


Alaska: ~ Jago River, iS. Cant lone Were Gtl live #o/7=743, 
(CANIS) Ghutina Raver, Ho. lating #125, (CAN); " Lake 
Schraden,;snonci slopeymeu-ky Specenansgoue . (CAN); MUmiat, 
iieWiogins lee re.en( CAN) jie FPadrbanks,02., Scanman git 54, 
(GH)}. Firth! and’ Mancha) Rivers. F.Ouulten #62767, (BRY); 
Ogotoruk: Creekjewd.Gi Packer 42582, (ALTA)G © Richardson 
Hwy-, £. Seamman #4622, (GH); Gulkana, EF. Seamman #4547, 
(GH). 

British Columbia: Cassiar, J.W. EFastham #389, (CAN). 

Mani tobaremeechrmchn LIGRG. Mow Kelleher #3275. (CAN): 

Northwest Térritories:*)Hayes®River, HiJ. Seoggan #5893, 
(CAN); Ewariege Lake, V. Hawley s.n., (CAN); Richardson 
MiseeenGueracKkeusy tT o7Zdiy (ALTA); Bebolomites Lake,, (nuviky 
Wide BMiecevewt2c0 e (ALTA): Great: Bear Lake; A.e. and #27. 
PoneelLaanooece, (CAN). 

yukonsferritories:9sSouth, shore®Kiuane Lake;; Wis. Eltvsens 
#234, (ALTA); Bear Creek, mile 1021 ALCAN Hwy., 4.M. Raup, 
WebveDrunyandtind. Gakauper] 3 Ps6; (CAN) ; Miles canyon, 
Whitehorse, M.0O. Malte #336, (CAN); Haines Rd., Dezadeash, 
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Oxytropte tgractlis (A. WNells.)KsA Schumsesubsp gracilis 


Alberta: Pincher Creek, £.H. Moss #114, (GH); Blair- 
more, A.S. Pease #22545, (GH); west of Calgary, W.C. 
MeCalla #8749, (GH); Entrance, M.G. Dumais & K. Anderson 
#2450, (CAN). 

British Columbia: Keremeos, H.d. Seoggan #16030, (CAN); 
Savona, C.L. Hitteheock & J.S. Martin #7396, (GH); Kam- 
loops, J.W. & E.M. Thompson #45, (CAN). 

Colorado: @iwasenjmGrandmComin. -Leavelech.¢ LrAweeharerte 
#1261, (BRY). 

Manitoba: Riding Mountain Park, G.B. Ownbey #2881, (CAN); 
Miniota, #.J. Seoggan #11199, (GH); *Cowan,;-H.J. Scoggan & 
WARK 4Oba Uduteesati,.) (GH). 

Montana; SsiMary \s*Lake; Glacier tPark; 8. & Re Maguire 
#15539, (GH); Westby, #£.L. Larsen #10, (GH). 
Saskatchewan: Saskatoon, G.W. Argus #9069, (CAN); McKague, 
Ae aebre Ceuno aH 220%, (GH). 

South Dakota: Nemo, Lawrence Co., S.L. Welsh #994, (BRY). 
Washington: Okanogan Co., H. St. John HL ROS pAAGH) 
Wyoming: Laramie Range, Albany Co., C.L. & M.W. Porter 
#9824, (GH); Four Corners, Weston Co., C.L. Porter #5340, 
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Oxytropts gracilis (A. Nels.) K. Schum. subsp. 


dispar (A. Nels.) Elisens 
North’ Dakota:="Gien Ullin,;9¥.3."Flteens #76678 (ALTA); 
Belfield, 0.A. Stevens #501, (GH); Leeds, Benson Co., 


Calta elene 7676, .(BRY) 4 


Oxytropts custekit Greenm. 


Albertacwy onow?l Greek@Pass,= Bantte Park ,eA.2.)Prorstid #21422, 


(CAN); 3ME Cheviot, Cadominy Wee Elvsens 70dn (ALTA): 
Mt. Carthew, Waterton Park, W.é. Elisens #130, (ALTA). 

British Columbia: Quiniscoe Lake, Ashnola Range, J.A. 

Catder FI96oo weGH) : 


Montana: Beartooth Mountains, Carbon Co., A. Cronqutst 


#7988, (GH); Anaconda-Pintlar Wilderness, Beaverhead Co., 
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Oregon: Ameroid Lake, Wallowa Mts., Wallowa Co., A.A. 
Kruckeberg s.n., (RM). 

Washington: Mt. Wow, J.W. Thompson #12578, (ALTA); 
Heliotrope Ridge, Mt. Baker, H. Wettman #10591, (GH). 
Wyoming: Warren Peak, Crook Co., bite & M.W. Porter 
#10150, (GH); Medicine Bow Mts., A. Nelson #9228, (GH); 
Boyd, Weston Co., A. Nelson #9433, {GH); Gannett Peak, 


Fremont Co., F. Jozwtk #417, (GH). 
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Oxytropts columbtana St. John 


Montana: Mud Creek, Glacier Park, W.J. Elisens #387, 
(ALTA); Big Prairie, Glacier Park, L.H. Harvey #5686, 
(MONTU). 

Washington: Kettle Falls, Ferry Co., H.T. Rogers #426, 
(GH WemiGat ford,) Stevens Co., L. Boner 6 V7. Weldert #160, 
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Oxytropts jordalitt Porsild subsp. jordaltt 


Alaska: Wiseman, H.M. Raup & A.J. Soper #9427, (GH); 
Juneau, M.Wiliitams #1697, (GH)< Arctic Village, &.2. 
Jordal #8644, (CAN). 

Ailbestas) MplrCheviot, near Cadomin, W.d. kitvsens F224. 
(ALTA). 

British Columbia: Mt. Mansfield, Haines Rd., J.Stas #19, 
(GAN ie. 

Northwest Territories: Richardson Mts., S.L. Welsh & 

IN KeehtGOhyenac00., (SRY)? Mackenzie Mts.) en. Pors7? id 
Gah pret oung riled? s (CAN); =milemiiiny a Canol Raw, 
V.C. Wynne-Edwards #8346, (CAN). 

Yukon Territories: mile Si, Dempster Hwy., &.7. Pors7ld 


#17486, (CAN). 
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Oxytropts jordalit Porsild subsp. 


davtstt (Welsh) Elisens 


British Columbia: mile 403.5, ALCAN Hwy., W./J. Eltsens 
#550, (ALTA); mile 588.5, ALCAN Hwy., S.L. Welsh &°G. 
Moore #7440, (BRY); mile 160, ALCAN Hwy., S.L. Welsh & 
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